> 


B— 


a 


(te ee rae « 
eae See 7 JP 2, t 
CNL ROI 0. 


Ge) , 


A 
® U R VEY 
OF 
K EXPERIMENTAL _ | 


PHILOSOPHY. 


VOL, I, 


<36636392640017 
<36636392640017 


Bayer. Staatsbibliothek 


a 
. 


EXPERIMENTAL 


PHILOSOPHY, 


Coafidered in its 


PRESENT STATE OF IMPROVEMENT, 


ILLUSTRATED WITH CUTS. 


IN TWO VOLUMES, 


VOL. I. 


nS ee 


By OLIVER GOLDSMITH, M.B. 


LONDON: 


Printed for T. CARNAN and F. Newzery jun 
at Number 65, in St. Paul’s Church Yard. 
MDCCLXXVI, 


ERRATA. 


P. 32, 1. 7, for Plate, read Figure. 

P. 37, 1.6 from the Bottom, for PleteIh, — 
Fig. 3. read Fig. 2. 

P. 40, 1. 2, dele Plate II. 

P, 136, laft line, read i#. 

P. 153, 1. 5 from Bottom, read C. B. 


x 
2 ng TET, a I Agia ca IP NS RS RECS ES EE ET EY OTS — AS AS a ee 


RP ES ee a ge a OI gh ETP TL PIT STE ET SGOT TT EEG TT LTE PO ee ee a ; 


CONTENTS 


OF THE 


FIRST VOLUME. 


BOOK I. 
| Page 
[NER ODV EE LON I 
CHAP. 'I. 
Of Matter and its Properties, 17 
CHAP. II, 
Of Attraction, —-= = = 22 
CHAP. III. 


Of the Magnet, or Loadftone, with 


the Attrattion of Magneti/m, 26 


CHAP. IV. 
Of Eledtricity, | = - 42 


CONTENTS. 


CHAP. V. 


— Page 
Of the Attraétion of Cobefion and. 
Capillary Tubes, ~ - 73 


Of the Attrattion of Gravity, 92 
CHAP. VH. 
Of the Power af Aitrattion in Cele/» 
‘tial Bodies, “ ~ 100 


CHAP. VHI. 


Of Central Forces, as far astheytend 
to explain the Univerfal Sytem, 106 


CHAP. IX. 


Of the Figure of the Earth, and 
_ the different Weights of Bodies 
upon its Surface, ~ =- 418 


CHAP. X. 


Of the Defcent of Bodies to the Sur+ 
= of the Earthy = — 134 


CONTENTS, 


CHAP. XI. 
| Page 
Of Bodies defiending down inclined 
Planes, and of Pendulums, 137 


CHAP. XII. 
Of Projectiles, or that Motion caufed 
by a fingle Impulfe, and at laf? de- 
frroyed by Gravity, - —- } 53 
CHAP. XIII. 
Of the Communication of Motion, 165 


| ” CHAP. XIV. 
Of Elaftscity and Elaftic Bodies, , 184 


CHAP. XV. 
of Mechanic Powers, = - - 209 


CHAP. XVI. 
Of Man, confidered as an Artificial 


Machine; _ _ 


245° 


CHAP. XVII. 
Of Wheel-carriages, - 263 


CONTENTS. 
CHAP. XVIII. 
Of Friétion, and the Refiftance of 


Fluids, = 279 
CHAP. XIX. 

Of Water, - = 305 
‘CHAP. XxX. 


Of Springs, and Rivers, == 323 


CHAP. XXI. 
Of Tides, ~ - 340 


CHAP. XXII. 
Hydroftatics, = - 352 


CHAP. XXIII. 
Of the Specific Gravity of Bodies, 366 


CHAP. XXIV. 
Hydraulics, ~ _ 400 


A SURVEY 


| 


— VERTISEMENT. 
HE firft volume of this 
work was printed off in 
the life-time of the author; the 


lécond after bis death, the 
whole of the copy being put 


~ jato the hands of the publither 


long before that period, The 
defign of the author is evidently 
to give a Jhort view of Experi- 
mental Philofophy in its prefent 
improved: ftate; for which it is 
4 ge principally to the phi- 
lofophers of the laft century, 
who have done more towards 
It, . than had been attempted for 
whole ages before. The ancients, 
fatisfied with the faéts. which na- 
ture fpontaneoutly offered, went 
no farther than to a bare natural 
hiftory, unacquainted as they 
' Vou. I, a were 


ADVERTISEMENT. 


were with the manner of combi- 
ning natural bodies, fo as from 
this combination to produce new 
phzenomena, and of putting 
them in fuch circumftances as to 
_ forcethem to reveal their fecrets. 

Our author having obferved, 
that Defcartes raifed this {pirit 
of enquiry, and diffufed an un- 
common degree of emulation all 
over Europe, proceeds to con- 
fider matter, the common fub- 
ftratum of bodies, and its fenfible 
qualities; fuch as folidity, by 
which one body cannot at the 
fame time occupy.the room of 
another, the confequence of the 
vis inertie or power of refift- 
ance, called alfo impenetra- 
bility, and by which we diftin- 
guith matter from a thinking 


being, - 
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ADVERTISEMENT. 


being, which is endued with a 
conftant tendency to change 
{pontaneoufly its ftate, the very 
reverfe of inactivity. The 
moving force in bodies is equally 
with their inaétivity a paflive 
quality, and a confequence of 
their refiftance, and therefore 
the fame thing with it, only 
confidered in a different view: 
Attraction, or the tendency of 
matter to matter, feems to be 
the effect of fome unknown 
caufe, rather.than an inherent 
quality in matter; different {pe- 
cies of which are magnetifm 
and electricity: in which, that 
repulfion, which is obfervable, 
feems to’ be owing to a recipro- 


' cation of the motion of thecaufe 


of both thefe aaacoree To 
— thefe. 


ADVERTISEMENT. 
thefe we may add gravity, the 
-_tendency'of a-body't to the centre 
of another. From motion arifee 
the divifibility of a body, which 
by means of art: may be carried 
to great lengths.---To follow 
our author through the diffe 
rent branches of- experimental 
philofophy, would: carry us too 
- far, and much exceed the limits 
of an advertifement. The reader 
will find his account in the pe- 
rufal, and meet with fome things 
new and uncommon, which are 
hot unworthy the author, nor 
the attention of the Public. ~ 
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EXPERIMENTAL 


PHILOSOPHY. 


N order to explain all the appearances 
of Nature, the ancients ufually con- 
fidered man as a Being newly introduced 
into the world, ignorant of all he faw, 
and aftonifhed with every object around 
him. In this great variety, the firft 
efforts of fuch a Being would be to pro- 
cure fubfiftance, and, carelefs of the 
caufes of things, to reft contented with 
their enjoyment. 
VoL. I. B THE 
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THE next endeavour of fuch a creas 
ture would be to know by what means 
he became bleft with fuch a luxuriance of 
pofleffion. He feels the grateful viciffi- 
tudes of day and night, perceives the dif- 
ference of feafons ; he finds fome things 
noxious to his health, and others grateful 

to his appetite; he would therefore 
eagerly defire to be informed how thefe 
things affumed fuch qualities, and would 
himfelf, from want of experience, form 
fome wild conjecture concerning them. 
He would, for inftance, affert, as the 
ptimzval ancients have done, that the 
fun was made of red-hot iron, that at 
night it funk into the fea to reft from 
its journey, that fummer iflued through 
a chafm made in the fkies for that pur- 
pofe; and in this manner he would 
account for every other appearance that 

‘ excited his curiofity. 


SUCCEEDING  obfervations would, 
however, foon contradi& his firft pre- 
= judices, and he would begin to treafure 
up an hiftory of the changes, that every 
object 
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@bject ferved to work either upon him= 
felf or upon each other. Thus lis mind 
would become ftored with the appear- 
ances of natural bodies, and with ufeful 
obfervations upon their effects. The 
number of thefe obfervations would in 
time arife to a confiderable amount, and 
this would once more induce him to 
reduce them into form; and, by com- 
bining thém, to arrive at their caufes. 
From hence new fy{tems would be erected, 
thore plaufible indeed than thofe already 
made by favage man, but ftill, from a 
want of a fufficient number of materials, 
extremely defective : fo that fancy would 
be obliged to fupply the gréateft fhare 
of the fabric. 


AT length, after frequently experi- 
éncing the futility of fyflem, man would — 
be obliged to acknowledge his ignorance 
of the caufes of moft appearances, and 
now, grown more modéft, would fet 
himfelf down, not only to colleét new | 
obfervations, in order to enlarge his 
hiftory of Nature, but in a manner to 

B 2 torture 
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torture Nature by Experiments, and oblige 
her to give up thofe fecrets, which fhe 
had hitherto kept concealed. Several of 
 thefe newly-atquired obfervations being 
thus added to the former obvious amount, 
would at length form the ground-work 
of a fyftem, and, by comparing each 
part, and uniting the whole, man would 
at laft begin to difcover the fimplicity of 
Nature under all her feeming variety, 


SucuH. is the progrefs of natural phi- 
lofophy in the human mind, which, 
from enjoyment, proceeds to conjecture ; 
from thence to obfervation of facts, 
which from their paucity give birth to 
hypothetical fyftem, which is fucceeded 
by experimental inveftigation, and this 
at length gives rife to the true Expert- 
mental fyftem, which, though ftill defec- 


tive, isyet built uponthe fureftfoundation. _ 


EXPERIMENTAL philofophers there 
‘ fore, or thofe who endeavour to difcover 
the hidden Gperations of Nature, and 
find out new properties by trials made 

upon 


. As 
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upon her, are the only fe&, from whom 
any expectations are to be had of 
advancing this fcience, and making us 
intimately ‘acquainted with whatever we 
fee. We fhould leave tothe Platonifts 
their properties of number and geome- 
trical figures; to the Peripatetics their 
privations, elementary virtues, occult 
qualities, fympathies, antipathies, and 
faculties; to the Mechanifts their mat- 
ter, motion, fubtile particles, and actions 
of effluvia, and only follow where Expe- 
rience fhall guide us. 


little acquainted with the arts of making’ 
experiments for the inveftigation of na- 
tural knowledge. It is true, they trea- 
{ured up numberlefs obfervations, which 
Nature offered to their view, or which 
chance might have given them an op- 
portunity of feeing; but they feldom 
went further than barely the natural 
hiftory of every objet: they feldom la- 
boured, by varioufly combining natural 
| bodies, if 1 may fo exprefs it, to create 
B 3 new 
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THE ancients feem to have been but 
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new appearances, in order to afford 
matter for {peculation. 


TuHey were but little employed in 
thus diving into the fecret receffes of 
Nature: they read the book as it lay 
before them; but then they read with 
great affiduity. Many facts, which 
they have advanced, and which had at 
firft been denied by the moderns, have 
been afterwards found to be true. They 
only fought for fuch qualities in Nature 
as might be ufeful to the arts. Little 
concerned as to fatisfying mere curiofity, 
they confidered it as an intellectual plea- 
-fure, and only fought to gratify it by 
mere intellectual fpeculations. 


But whatever affiftance they might 
have given to real philofophy, the obfcure 
ages, which fucceeded theirs, feemed 
not difpofed to avail themfelves of their 
refearches. In thefe times of darknefs, 
they refted perfectly fatisfied with words 
inftead of things, adopted the vain {pe- 
culations of antiquity, and added many 

more 


Ee ee 
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more of their own. Yet, in the midft 
of this barbarous period, there arofe a 
man, who feemed formed to enlighten 
his cotemporaries, if the darknefs had 
not been too great for any fingle lumi- 
nary to difpel. Roger Bacon, an Englifh- 
man and a monk of the twelfth century, 


‘purfued the true method of inveftigating 


Nature: he even ventured to ridicule the 
unmeaning philofophy of Ariffotk, or 
rather of his commentators; made feveral 
experiments in optics, chemiftry, and 
every part of natural knowledge, and, 
even at that early period, found out the 
ufe of gun-powder. The only recom- 
pence he had from his ignorant cotem- 
poraries was to be accufed of magic, and 
to have his works defpifed by fuch as © 
never read them, or. were incapable of 
comprehending them if they had. 


THE remarkable men, who fucceeded 
Bacon in the purfuit of natural know- 
Jedge, ftudied it rather as chemifts than | 
philofophers: they applied themfelves 
to the analyfation of particular bodies 

B 4 by 
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by fire, and to their ufes in medicine, 
rather than to confider Nature with a 
general view, to the difcovery of the 
laws of her operations. ‘Though they 
were rich in a variety of curious and 
ufeful difcoveries, yet they knew no- 
thing, for inftance, of the laws of 
motion, or the propertics of fluids, 
upon a knowledge of which the whole 
fyftem of modern philofophy is founded. 


THE great man, to whom expert 
mental philofophy next owed its obli- 
gations, was of the fame name and the 
fame country with the former. Francis 
Bacon, \ord Verulam, firft difcovered the 
general principles, which were to ferve 
as guides in the ftudy of Nature. He 
firft propofed the ufefulnefs of experi- 
ments alone, and hinted at {feveral, 


which others afterwards made with fuc- 


cefs. He fet out with taking a general 
{urvey of natural knowledge, divided it 
into its parts, enquired into the degree 
of perfection at that time attained by 
each. He confidered philofophy as only 

2 an 
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an inftrument, which made us better 
or happier, and an enemy to all fyftems, 
exhorted men to ftudy only what was 
ufeful. This great man having thus 
broke through many of the chains, in 
which true fcience was bound, was ftill 
deterred from attempting others, which 
prejudice and authority feemed to faften. 


In this Review of Experimental Phi- 
lofophy, Des Cartes muft not be paffed 
over, although mentioned rather for his 
fame than his fervices. He contributed 
not a little to explode the errors of 
{cholaftic philofophy;; but, unfortunately, 
it was to fubftitute his own, Though 
he was very capable of reafoning clofely, 
yet, to accommodate his philofophy to 
the multitude, he drew up rather a ro- 
mance than a fyftem. Like all works 
that ftrike the imagination, it pleafed 
while new; but, wanting the bafis of 
reafon, the whole fabric has long fince 
fallen tothe ground. As his hypothefis, 
however, has been once embraced by the 
greateft part of Europe, and ftill con- 

tinues 


2 
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tinues to have its partifans, it may not 
be amifs to give the learner a fuperficial 


idea of it. 


IT is on all hands acknowledged, that 
the moft obvious appearances in Nature 
are thofe which are leaft underftood. 
Why, for inftance, a ftone, when thrown 
upward, fhould fall to the ground back 
again, and not continue to go up to the 
fkies, is one of thofe difficulties, which, 
though difregarded by the vulgar, has 
puzzled the philofophers of every age. 
To exprefs it more philofophically, the 
defcent of bodies to the furface of the 
earth is a phenomenon long fought after 
without fuccefs, and for the caufe of 
which Des Cartes thus attempted to 
account. We are certain from aftrono~ 
mical obfervations, fays he, that the 
earth turns continually round upon itfelf, 
like atop, with a very rapid motion, 
carrying with it every thing immedi- 
ately attached to its furface. But, tho’ 
the earth thus moves with great {wift+ 
nefg, yet there is diffufed around it 4 

| _ very 
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very fubtle matter, which, as it has lefs 
weight than the earth, has therefore 
much greater velocity, thé lighteft bodies 
being the moft eafily moved: fo that this 
fubtil matter whirls round the earth in- 
finitely fafter than the earth itfelf can 
move. If therefore a ftone is thrown 
from the earth’s furface upward into 
this fubtle matter, it muft foon be preft 
downward by it to the earth again, in 
the fame manner as if a perfon, in the 
midft of a whirlpool, fhould throw a 
plank from him into the furrounding 
current, this plank would be foon 
driven back to him in the center again 


. by the circulating fluid, and he could 


never by fuch means get free. In this 
way every one of the planets may be 
confidered with its vortex or whirlpool 
of fubtil matter turning round it, and 


_ preffing all the bodies that are thrown 


upward back ypon its furface. Befides 
thefe particular vortexes in which each 
moved, they were reprefented as having 
altogether one common vortex, which 
regulated their motions, and in this 

| manner 
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manner all their revolutions were in the 
grofs accounted for. An hypothefis 
thus formed by the fancy was liable to 

a thoufand objections, which were drawn 
from experience. Each of thefe, the 
followers of Des Cartes endeavoured to 
anfwer, till at length the whole philo- 
fophical machine was found fo much 
clogged, that it became utterly difre- 
garded by its warmeft afferters: they 
therefore quitted a fortrefs, which they 
found could be affailed on every fide 
‘with advantage. 


- Burt, notwithftanding all his errors, 
he diffufed a paffion for natural know- 
ledge, and excited a fpirit of enquiry, 
which infenfibly fpread itfelf over Europe. 
The academy of Czmento at Florence, 
Boyle, Mariotte, Torricelh, Huygens, and 
Pajfcal, all improved philofophy by pro- 
ducing new objects of fpeculation. The 
focieties of London and Paris ftill farther 
enlarged the land-marks of the {cience, 
and adopted the experimental methods 
of inveftigating Nature. Though they 

had 


iad — 
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had not yet arrived at the true fyftem of 
Nature, yet they might juflly be faid to 
be on the road. 


AT length Newton appeared, who 
firft effected what his predeceflors had 
hitherto only aimed at; namely, the 
application of geometry to Nature, and, 
by uniting experiments with mathema- 
tical calculations, difcovered new laws 
of Nature, in a manner at once precife, 
profound, and amazing. Whatever all 


his predeceffors, from time immemorial, 


had handed down concerning this fcience, 
does not amount to the tenth part of 
the difcoveries of the Engl/b philofo- 
pher only. Equally confpicuous for his 
refearches in optics, as for his fy{tcm of 
the world, he had the pleafure of feeing 
his countrymen at once feize the truths 
he revealed to mankind. France, for 
fome years, rather through national 
prejudice than philofophical ‘conviction, 
oppofed his fame, and in their academics 
and univerfities continued to teach the 
opinions of their countryman Des Cartes. 

Truth 
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Truth however at length prevailed, thé 
cotemporaries of Newton, who might 
have oppofed his merits from énvy; 
being deceafed, the fucceeding generation 
adopted his difcoveries, arid his fyftem 
how prevails in every polite part of 


Europe. _ 


-Tuus far we have féen experimental 
philofophy continuing to improve; but 
it will be but juftice to obferve, that the 
fucceflors of Newton have not fince his 
time made that rapid progrefs in this 
{cience that was once expected. This 
judicious philofopher knew precifely thofe 
parts of Nature, which admitted of ge- 
ometrical applications. Nothing could 
be more happily conceived than his 
applying thathematical calculations to 
the heavenly bodies, upon which no 
hatural experiments could be made, and 
the greatnefs of whofe bulks and di- 
ftances could more eafily be meafured by 
hfumbers, and conceal the minute devi- 
ations of Nature from univerfal theotems, 


His 


Experimental Pbilofophy. if 
His followers, much lefs judicious, 
have expected more from geometry than 
the art could grant, and, by erroneous 
imitation, have applied it to parts of 
Nature, which are incapable of admit- 
ting mathematical calculations. Thus 
we have feen the force of mufcular motion 
determined by numbers, the velocity 
with which the blood circulates calcu- 
lated with geometrical precifion, the 
fermentation of liquors has undérgone 
the fame fcrutiny, and the moft incon 
ftant appearances of Nature have been 
determined with inflexible demon- 
ftration.. 


IT would be abfurd to deny the great 
ufe of geometry in natural enquiries ; 
but fure it may be faid, without offence, 
that mathematicians expect more from 
its affiftance, than they have been hitherto 
able to find. If we expect to make dif- 
coveries in Nature merely by the helps 
of geometry, it is probable we fhall be 
difappointed, as this art is rather fitted 
to give precifion to difcoveries already 

3 made, 


7 
¥ 


16 4A SuRVEY of 


made, than to conduct us. to new, 
Though it may ferve as a_ vehicle, 
through which to deliver our difcoveries 
to others, yet it is feldom by this method ' 
that we have happened upon them our- 
Selves. | 


HoweEVER this may be, it is rather 
to accidental experiments, than to pain- 
ful inductions, that we are indebted for 


~ the modern difcoveries in this {cience. 


Eledtricity, magnetifm, and congelation, 
have been rather the refult of accident 
than of inveftigation. Of thefe we know 
but fome of the properties, nor have we 
any fubftantial theory as yet concerning 
them. In fact, mankind at laft begin 
to perceive, that our knowledge of Na- 
ture is much more limited than we lately 
imagined it to be. Inthe laft age it was 
fafhionable to fuppofe, that we could 
{atisfactorily account for every appear- 
ance around us: at prefent, the real 
philofopher feems to reft fatisfied, that 
there is much in this fcience yet to be 


difcovered, and that what he already 
| knows 
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knows ‘bears no proportion to what re- 
mains unkdown. He no longer there- 
fore pretends to affign caufes for all 
things, but waits till time, induftry, or 
accident fhall bring new lights to guide 
the enquiry. 

CHAP. IL 
Of Matter and its Properties. 
ET us for a monient compare this 
univerfe toa palace, ereGed by the 


divine Architect, and the unphilofophical 
{petator to a foreigner, who {ees but the 


external part of the building. From fo 


fuperficial a view it is evident he can’ 
have but an ‘unfatisfactory idea of the 
dkill and contrivance of the great De- 
figner; he may perceive its beauties, but 
can have no idea of its conveniences. To 


have a more exact conception therefore, 


it is neceflary. to enter the building, to 
view each apartment feparately, to con-~ 
fider the convenience of every room 
fingly, with the fymmetry and es 
of the whole. * 3 

Vou. L C In 
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In the fame manner the beauties of 
Nature ftrike our view, we find our cu- 
¥iofity allured by a variety of objeéts. 
Animals, vegetables, minerals, air, wae 
ter, and fire, all put on different appear- 
ances to pleafe, affift or aftonith us; in 
order to come at a knowledge of their 
nature we muft apptoach them clofely ; 
we mutt firft confider each as divefted of 
all their accidental qualities of figure and 
colour, and turn from Nature’s external 
Ornaments to view her internal fim- 


plicity. 


In this fearch, the firft thing we find is 
Matter, that inert fubftance which ferves 
as. the foundation of all bodies, and 
which, while itfelf is unfeen, gives ex- 
_ iftence to all other qualities that ftrike 
the fenfes. Of this all bodies have been 
originally compofed, and it is probable 
that whatever different forms things may 
affume either in earth, air, fire, or water, 
yet matter is alike fimple in all, and that 
_ every part of nature is compofed from 
fimilar materials. | | 

How- 
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However this be, certain it is, that no 
efforts of ours can make any alterations 
in matter, though we eafily can in the 
fenfible qualities with which it is cloath- 
ed. We may, for inftance, deftroy the 
figure and colour of a globe of gold, and 
diffolve it into a fluid like water, yet ftill 
every part of matter in it remains un- 
changed, and fills up as much fpace as 
before. If we fhould attempt to force 
any other body into the place it poffefles, 
the united ftrength of millions would 
not be able to prevail till itfelf were re- 
moved, to give the forcing body admif- 
fion. If the fofteft fubftances, fuch as 
air or water, be fixed between our hands, 
thefe cannot be brought to touch, till the 
air or water find a vent on one fide or 
another. The academy of Florence 
having enclofed water in a globe of gold, 
prefled it by the extreme force of {crews 
on every fide. The fluid thus comprefled 
by the approaching fides of the engine, 
at laft, finding no other paflage, oozed 
out through the pores ofthe metal, and 
ftood like a dew upon its furface. Thus 
C 2 . BO 
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no art can deftroy that property of body by 
which it keeps out all others that tend 


to enter the place it poficfles; and which 
is called folarty. 


ANOTHER property which cannot be 
feparated from mere matter, is its in- 
achivity, or that incapacity it has to 
move of itfelf, or to {top its own motion. 
It is true, we may eafily put one body 
into motion, which may communicate 
the fame to another, which may commu- 
nicate to a third, and foon; yet ftill this 
matter is perfectly bacitve, it only goes 
forward with the force impreffed at firft 
by ourfelves, and whatever motion it 
may communicate, it lofes fo much of its 
own. No art, however, can give it a 
power of creating or gencrating new 
motion; a ftone till removed will continue 
to lie inertly on the ground, and if 
thrown forward will continue to move 
forward till the air or fome other obitacle 
hinders it from proceeding. If there had 
been nothing to ftop its motion, it would 
continue to go on for ever. — 7 


As 


f 
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As we are capable of giving Motion to 
matter, fo alfo are we abie to divide it; 
for Divifion is, properly fpeaking, only 
the moving of one part away from 
another. This Divifibility may be carried 
to great lengths by art: a fingle grain of 
mufk fhall fo divide its parts as to fill a 
whole room with its odour, and yet 
lofe but little of its weight in the expe- 
riment; a fingle grain of gold fhall 
cover a furface of thirty yards fquare; a 
fingle grain of copper fhall give a beau- 
tiful blue tinéture to many millions of 
times its own quantity of water. Thus 
matter is extremely divifible; and after 


all, when the artift is thus fatigued with 


dividing a body into minute parts, the 
Imagination can eafily take up the tafk, 
and continue the operation without ever 
coming tq an end, 


_ Ler us then call /ohdity, inadtrvity, the 
capacity of receiving moti, and divi- 
fibility, properties of matter of which it 
gan never be deprived; properties which 
ye mention here rather for the fake of 


C3. method 
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method than information; fince they are 
all obvious to the moft fuperficial ob- 
ferver, and fince every moment’s experi- 
ence convinces him of their exiftence. 
In fuch fubjetg the learner wants to be 
informed of jittle more than the import 
of the names, for the things themfelves 
they kaew before. In fact, each of thefe 
properties implies the exiftence of all the 
reft; for if a body has been divided, it 
muft have been put into motion; if put 
into motion, it muft have been in a ftate 
of imactivity; if inaGive, it muft have 
refifted the preflure of the moving force, 
and the refiftance to this preflure jm- 
_ plies prliasty, 


CHAP. OU, 


Of Attrattion. 


“SHE properties of matter, men- 
tioned in the laft chapter, are fuch 

as offer themfelves to every obferver, and 
which can be known to refide in every 
fingle part of it, independant of the reft; 
| | for 
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for I can feel, move, and divide a piece 
of wax or an apple, though there were — 
no other in the world. But, befides thefe, 
there is another property of matter lefs 
obvious, and which, though refiding in 
every part of body fingly, yet cannot 
be made known to us, but by the opera- 
tion of one body upon another. The 
property I mean is Attraction, or that 
power by which we fee one body ap- 
proach another, without any apparent 
force impelling it. Thus we fee motes 
and ftraws, of themfelves, fly to amber or 
fealing-wax, at a confiderable diftance; 
we fee iron move towards the loadftone, 
and water to glafs. What it is that thus 
impells thefe fubftances to approach each 
other, or in other words, what it is that 
caufes this attraftion between them, re- 
mains a fecret that human fagacity has 
aot yet difcovered; we are certain of the 
fa&, we fee plainly that the fubftances 
do approach, and all that we can affign 
as the caufe of their caming thus together 
is but conjeCture. 


C4 It 
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It may be afferted, for inftance, as the 
caufe of this, that there is an extremely 
- fubtil fluid) much thinner than air, 
which is diffufed throughout the uni- 
yerfe, and even enters the pores of the 
hardeft bodies. This being granted, it 
follows, that fuch parts of this fluid as 
are thus ftrained through hard fubftances, 
muft be neceffarily much finer, and more 
fubtil, than thofe *parts of this fluid 
which are diffufed into fpaces lefs 
crowded with matter; as the liquor that 
is filtered through the pores of a marble 
rock, muft be much finer than that which 
is unfiltered. Wherever this fluid is moft 
denfe, therefore, it will drive all folid bo- 
dies towards thofe places, where they find 
the leaft refiftance; namely, where the 
fluid is leaft denfe ; that is, to the furfaces 
of the hardeft bodies ; and the particles of 
this fluid being alfo fuppofed elatftic, 
its impelling force will be increafed to 
what degree the imagination thinks pro- 
per to give it. oO 
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Ir was thus that Newson attempted to. 
explain this appearance in nature *, a me- 
thod of accounting for things, perhaps, 
originally borrowed from Des Cartes, and 
which wants only to have the exiftence 


of a fubtil fluid proved, to make it bear | 


the refemblance of truth. In fa, in 
other parts of his works, he feems to lay 
no ftrefs upon this theory, and afferts, 
that a body attracted, is drawn in propor- 
tion to the quantity of matter it contain- 
ed; while bodies impelled by a fluid, are 
driven with more or lefs force in propor 
tion to their furfaces, 


BuT though we cannot account for the 
caufe of this attraction, or this tendency 
of one body to another, yet the experi- 
ments that ferve to prove it are inconteft- 
able, though we fhall find it various in 
different fubftances, The wonders of the 
joad- tone, of electricity, of capillary 
tubes and cobering bodies, will at once 
gonfirm the exiftence of attraction, will 


© Optic. p. 325. 
i | excite 
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excite our {urprife, and will introduce us 
to more important difcoveries. 


CHAP. Of. 


Of the Magnet or Load-ftone, with the 
attraction of Magnetifin. 


HE power which the load-ftone 
has of attracting iron, or of one 
load-ftone attracting another, has excited 
the admiration of every age; and even 
induced fome of: the ancients to affert, 


_ that it was an animated fubftance. Ari/- 


fotle affures us that TAales, the moft an- 
cient philofopher of Greece, made men- 
tion of it, and Hippocrates fpeaks of it 
under the title of the fone which attrac, 
sron. Pliny was ftruck with the wonders 
of its attractive qualities, which was all 
the ancients knew of it, and thus finely 
exclaimed *, What can be more rigid, 
* Quid lapidis rigore pigrius? Ecce fenfus ma- 
nufque fribuit illi natura. Quid ferri duritie 
pugnacius? Sed cedit & patitur moves; Tratutur 
namque a magnete lapide domitrizque illa rerum 
omnium materia ad innane nefcio quid currit, 

Plin, 1. 36, cap, 16, 
| and 
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and inaétive than fione? Yet, for all this, 
nature has granted it fenfe, and power ? 
What can be more objiinate than the harder 
nefs of iron? Yet it ts brought to obedience, 
and becomes tractable. For it is com- 
manded by the load-ftane, and that fube 
france, which conquers all things, fiies ta 
Something, I know not what, incerporeal, 
In fact, thefe powers might well excite 
furprize, they were inexplicable from the 
beginning to this day, and remain fo; 
pofterity, inftead of being able by experi- 
ment, to inveftigate the caufe, have only 
by the fearch, found out new wonders 
equally inexplicable; therefore all that 
now remains, is rather to fum up the 
qualities of the load-ftone, than to ace 
count for them, 


Every load-ftone hath two poles, in 
which, the greateft fhare of its magnetic 
or attractive virtue refides. Thefe poles, 
or oppofite points, may be found out by 
rolling the load-ftone in the filings of 
iron, by which the filings will be foon 
feen to adhere to the poles, in greater 

abun- 


~~ op 
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abundance, than to the other parts; and 
though it be broke into a thoufand picces, 
yet each part of it fhall ftill have its poles, 
as before. 


THESE two parts of the load-ftone 
have received their name from the two 
poles of the earth, and like them, one is 
called'the north, and the other the fouth 
pole. Nor are thefe terms applied arbi- 
trarily; for they have a moft fenfible 
affinity with the poles of the globe, whofe 
names they bear. A load-ftone, fo con- 
trived as to float upon {mooth water, 
(which may eafily be done by making it 
with a broad furface) will have its poles 
always directed, each to its kindred pole 
of our earth; one to the north, and the 
other to the fouth. And if they be turned 
never fo often, fo as to make them 
‘point in different directions, yet the in- 
ftant this external force is taken away, 
they will recover their former pofition. 


Turs polar direction was utterly un- 
known to the ancients, but has by the 
moderng 
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inoderns been converted to the moft ufeful 
and amazing purpofes. For another pro- 
perty of the load-ftone is, that it com- 
municates its virtues to iron, merely by 
rubbing; and converts it, to all intents 
and purpofes, into a magnet like itfelf, 
with all the fame attractive properties. 
A piece of iron, thus impregnated with 
the magnetic power, and nicely fufpended 
on a fharp point, foas to letfen the friGtion, 
and to give it the greater advantage of 
playing and turning in every direétion, 
becomes what is called the mariner’s 
needle, and will be feen to {etile itfelf in a 
direction nearly north and fouth. I 
{carcely need obferve, how abfolutely 
neceflary fuch an inftrument muft be in 
directing mariners in long voyages; and 
‘it was for want of it, that the ancients 
were obliged to coaft along in their 


courles from one country to another ; 


and feldom ventured to leave fight of 
land. | 


But though ioad-ftones, or iron im- 
pregnated with magnetifm, have a ftrong 
attractive 


«* 
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attractive force upon each other, yet they 
have a repulfive force alfo; for if we 
fhould attempt to make the two north 
poles, of two different magnets, approach 
each other, we fhould foon perceive them 
to fly off with fome violence, as if afraid 
of the touch; and inthe fame manner 
alfo, would the two fouth poles repell each 
other: fo that in fact, two magnets only 
attract mutually, by the poles of different 
denominations ; that is, the north pole of 
the former, will attra&t only the fouth 
pole of the latter; and the north pole of 
this, in turn, will have the fame influence 
upon the fouth pole of the other. But two 
poles of the fame name, like two men of 
the fame trade, are ever at enmity, and 
tepell each other. 


It is for this reafon, therefore, when 

a magnetic virtue is to be communicated 
to iron, that the fouth pole in the load- 
ftone, ever gives a north pole to the im- 
pregnated body ; as we fee, for inftance, 
that end of the mariner’s needle, which 
is touched by the fouth pole of the ftone, 
3. always 


- 
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always points northward. Thete is 
‘ therefore fomewhat friendly and fym- 
pathetic, between the two poles of dif- 
ferent denominations. Univerfally, when 
artificial magnets are made by rubbing, 
each pole in the making magnet, begets 
its fympathetic pole of a different name 
inthe newly made magnet. And when 
two magnets are left to remain together, 
_ they fhould always be placed with their 
fympathetic, or oppofite poles together, 
like pins that lie head to point, and this 
rather encreafes their energy; whereas, 
if they lie with their difagreeing fimilar 
poles together, their power will be wea- 
kened, and at laft totally deftroyed. 


THE finenefs of thefe magnetic cfluvia 
is fuch, that they pervade the hardeft bo- 
dies; a magnet attracting iron, though 
glafs, gold, water, or any other fubftance 
be interpofed between them, and equally 
operating, %# vacuo, as in open air. 
There is a curious method of rendering 
the directions of thefe effluvia vifible. 
Strew fome fteel filings over a fheet of 

= white 
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white paper, and underneath, let a maps 
net be placed; then gently tap the paper 
with the finger, or otherwife, fo as to give 
the filings a little motion, and they will 
foon be feen to form a regular ftriated 
figure upon the paper; as reprefented in 
the diagram. (See plate I.) From the 
regulatity of the figure, which thefe efflu- 
via aflume, fome have been of opinion; 
that the earth itfelf is one great magnet; 
fending forth effluvia in the fame man- 
ner; and that all magnetic bodies, lying 
in the current of thefe, affume a polar 
direftion: as a piece of timber, carried 
down a rapid ftream, generally floats 
lengthwife. 


- However this be, we find by experi- 
ence, that the poles of a magnet do not 
point exaétly north and fouth, but de- 
viate a little from this dire@tion; fo that 
the mariner’s needle often points fome 
degrees away from the north pole. This 
is called the needle’s variation; which, at 
different times, is greater or lefs in th¢ 


fame place, and often different in cold 
weather 
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weather from what itis in hot. This is 
one of thofe phenomena, which has long 
employed human fagacity to no purpofe ; 
the hypothefis even of the late Doctor 
Halley himfelf, being no longer treated 
with efteem. He was of opinion, that 
the globe of the earth had four 
magnetic poles, and that the needle 
turned to which ever of thofe it ap- 
proached moft nearly. Then as its vari- 
ation was continually found changing, 
as has been obferved; being one time 
greater and another time lefs; fo two of 
the earth’s magnetic poles were always 
moving, while the other two were fixed. 
For this purpofe, he has fuppofed the 
globe of the earth to refemble a nut, 
with its kernel; the kernel having two 
poles, and the fhell two more; the ker- 
nel and its poles going round with a flow 
motion within the fhell, and _ thug 
caufing the variation of the needle to 
be greater or lefs, at different times; 
the internal poles drawing it away from 
its direction to the external. The reader 
will, no doubt, fmile at fo complex a 
" Vot.L D fyftem ; 
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fyftem ; but fyftem making was the 
fault of the laft age. 


~ 


It has been tried alfo, but with no 
better fuccefs, to determine, to what exe 
tent the fame magnet diffufes its .attract- 
ing powers ; and it has been found, that 
one day, the fphere of its power is 
much more extenfive than another; 
that upon one trial, it would attra& fteel 
filings, at fourteen feet diftance; and 
upon a fecond, it could fcarcely reach 
them at feven feet, without any apparent 
alteration in the weather. Some magnets 
alfo are found to act with much force 
upon bodies near them; but with very 
little, if they are removed to the leaft con- 
fiderable diftance; while others are re- 
markable for contrary properties, having 
an extenfive reach, though no great force 
in approximation or contaét. Dodtor 
Helfham’s \oad-ftone attraéted iron four 
times more ftrongly, at one inch diftance, 
than at two; or ina fimilar proportion, 
Sir [aac Newton’s, attracted fix times 
more ftrongly, at one inch, than at two; 
oe while 


it 
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while that of M. Du Tour, attracted but 


twice as ftrong, at fimilar diftances. For 
this reafon, no - general ‘law can be 


_ formed concerning the increafe of mag- 


netic power; the properties in each 
magnet being fo very various, and often 


- the fame magnet, at times, differing fenfi- 


bly from itfelf. 


BuT;, befides the virtue given to iron by 
rubbing upon a magnet, it may acquire 
the fame powers, without the affiftance of 
any load-ftone whatfoever ; and the beft 
needles may be made artificially, merely 
by rubbing againft other iron. A piece 
of fteel, for inftance, rubbed hard, for 
fome time, all one way, by a polithed 
fteel inftrument, will, by this kind of 
fri€tion, conceive fo great a degree of 
virtue, as to become an artificial magnet ; 
of greater force than the natural one. 
Or, if a bar of iron be left to ftand for 
a long time, in the fame unaltered per- 
pendicular pofition (as we fee the bars of 
windows) it will acquire a magnetic 
power, and attract iron. ‘ But. there is 

De a me- 
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a method, which gives a power to fteel, 
far beyond what the natural magnet’ is 
able to produce; and which may be per- 
formed as follows. 


ProcuRE adozen bars, fix of foft fteel, 
each three inches long, one quarter of an 
inch broad, and one twentieth of an inch 
thick; with two pieces of iron, each 
half the length of one of the bars, but of 
the fame breadth and thicknefs; and fix 
bars of hard fteel, each five inches and 
an half long, half an inch broad, and 
three twentieths of an inch thick; with 
two pieces of iron, of half the length of 
‘one of the bars, but its whole breadth and 
thicknefs. - And let all the bars be 
marked with a line round them at one 
end. | 


THEN take an iron poker and tong’, 
the larger they are, and the longer they 
have been ufed, the better; and fixing 
the poker upright, between your knees, 
bind one of the foft bars towards the top 
of it, with a filx ftring, which muft be 
| held 


, 


—— oe 


— ee eee 


en 


Experimental Philofophy. 97 


held tight with the left hand, the marked 
end of the bar being downwards. (See 
Plate II. fig. 1.) Then grafping the tongs 
with the right hand,a little below the mid- 
dle, and holding them upright alfo; let the- 
bar be ftroked by the lower end, from the 
bottom to the top, about ten times, on 
each fide, which will give it a magnetic. 
power, fufficient to lift a {mall key at the 
marked end; which end, if the bar was 
fufpended on a point, would turn towards 
the north, and is therefore called the 
north pole, 


Four of the foft bars, being impreg- 
nated after this manner, lay the other 
two paralle] about one fourth of an inch 
from each other, on the table, between 
the two pieces of iron belonging to them; 
a north, and a fouth pole, againft each 
piece of iron. (See Plate IL. {3;,. 2.) Then 
take two of the four bars, already made 
magnetical, and place them, with their 
flat fides together, fo as to make a double 
bar in thicknefs; the north pole of the 
One, even with the fouth pole.of the 

D 3 other, 
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other, Then lay the two remaining’ 
ones, on each fide of thefe, fo as to have 
two north, and two fouth poles together. 
You muft then feparate the two north, 
from the two fouth poles, at oneend, by 
thrufting a large pin between them; and 
place them perpendicularly, with the 
feparated end downward, on the middle 
of one of the parallel bars; the two north 
poles towards its fouth, and the two 
fouth poles, towards its north poles. In 
this pofition, flide them backward and 
forward, three or four times, the whole 
length of the bar, and finifhing in the 
middle; remove them from the middle 
of this, to the middle of the other parallel 
bar, and go over that in the fame man- 
_mer; and turning both bars the other 

fide upwards, repeat the operation. This 
being done, take the two parallel bars 
from between the pieces of iron, and 
placing the two outermoft of the perpen- 
dicular touching bars, in their room; let 
the remaining two now be made the outer= 
moft, and thofe that were parallel become 


the innermoft of the four to touch with, 
The 


— 
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'The.procefs with thefe, being repeated as 


~ before, till each pair of bars have been 


touched three or four times over, which 
will give them a confiderable magnetic 
power; put the half dozen together, 
three poles on one fide, and three poles 
on the other; andin the former manner, 
touch with them, the two pair of hard 
bars placed between their irons, at the. 
diftance of about half an inch from each 
other. ‘Then lay the foft bars afide, and 
with the four hard ones, let the other two 
be impregnated, holding the touching 
bars apart at the lower end, near two 
tenths of an inch; to which diftance, let 


_ them be feparated after they are fet on the 


parallel bar, and brought together again, 
before they are taken off. With this 
precaution, proceed in the method de» 
{cribed above, till each pair has been 


touched, two or three times over, 
% 


THE bars, though now impregnated 
with ftrong power, yet may receive ftill 
greater, by touching each pair; in theik 
parallel pofition between the irons, with 

; D 4 twa 
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two of the bars, one in each hand, held 
horizontally ; (fee Plate Il. fig. 3.) and a 

north and fouth pole being approached to 
each other, and laid upon the middle of 
the parallel bar, the hands aredrawn afun- 
der, fliding the north pole of one touch- 
ing bar, to the fouth of the parallel; 
and the fouth pole of the other touching 
bar, to the north pole of the fame. This 
is repeated three or four times, and it will 
make the bars as ftrong as they can pof- 
fibly be made. The whole of this may 
be gone through in half an hour, and 
each of the bars, if well hardened, may 
be made to lift above two pound; a 
power, much greater than any load- 
ftone can confer. Such a method there- 
fore of communicating magnetifm, will 
anf{wer all the purpofes of navigation, 
and experimental philofophy in the 
compleateft manner, with lefs trouble, 
and more certain fuccefs. 


As the magnetic power may be thus 
eafily communicated, fo may it as eafily 
be deftroyed, By making the load-ftone 

ar 
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or iron red hot, the power is quite taken 
away, though it often returns upon the 
body’s growing cold. A fmart blow of 
a hammer, often difpatches this virtue 
alfo; and in general, any operation 
which alters the form or texture of the 
body, diminifhes the magnetic power. 
Thunder fometimes gives it, and fome- 
times takes it away; in fhort, nothing 
can be more uncertain and capricious, 
than the phenomena of this amazing 
power. Almoft every new experiment 
on the fubje&, difcovers new wonders, 
fome of the moft ftriking are here men- 
tioned ; it would take up a volume but to 
name thofe that remain *. 


* The phenomena of the dipping needle, have 
not been mentioned here; as fome have of late 
began to doubt the reality of its exiftence; it may 
be therefore proper to leave that matter untouched 
-epon, ill that conteft be determined, 
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CHAP. IV. 


Of Electricity, 

Magnet attracts iron, without any 
previous rubbing, and its effluvia 
pervades the pores of all other fub- 
ftances, how denfe foever. But, befide 
this, there are other bodies which attra& 
different fubftances, tho” they require 
fome preparation to make their power 
fenfible; and the effluvia which they 
emit, can pervade only fome particular 
fubftances. This {pecies of attraction is 
called Electricity, For upon rubbing 
amber, called in Latin Electrum, it is 
found to attract any very light fubftances 
that are near it; and this property was 
known to the naturalifts of antiquity, as 
well as the moderns. Upon further 
enquiry it was found, that not amber 
only, but feveral other fubftances, had 
the fame properties, in a high degree; 
that glafs, refinous fubftances, wool, 
filk, and hair produced the fame effects. 
That any of thefe, when dry, and rub- 
bed 
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bed for a fhort time, were always feen 
to attract motes and ftraws to their fur- 
face, froma pretty confiderable diftance ; 
and fometimes repel them again with 
equal force. The fame trials were made 
upon other bodies, moft of which, after 
being very well dried and rubbed with 
long perfeverance, fhewed a fimilar power 
of attraction. Two kinds of fubftances 
alone were to be found in nature, that 
could not become attractive; and thefe 
were fluids, which could not be fubjected. 
to the trial of rubbing; and metals, which 
by no arts ufed could be brought to thew 
any figns of this electrical property. 


As fome bodies were thus perceived 
to have thefe electrical properties more 
eafily excited in them than others, thofe 
which quickly became attractive by 
rubbing, were called electric bodies. 
Of this kind, were all precious ftones, 
glafs, porcelane, refins, bituminous fub- 
ftances, wax, certain parts of animals, 
fuch as filk, feathers, hair, or wool; 
al] thefe — becoming ele@trical, when 

rubbed, 


44 A Survey of 

rubbed, and exerting their power in a 
high degree. On the contrary, thofe 
which took a long time to have this pro- 
perty excited, or which fhewed no figns 
of it at all, received the name of non- 
electric bodies. Of this kind, were all 
fluid fubftances, fuch as water, fpirits or 
mercury; all metals, and femi-metals, 
marble, lime-{tone, all living animals, 
all green plants and trees, and fubftances 
made from them ; fuch as thread, paper, 
and linen cloth. 


SUBSTANCES being thus claffed, ac- 
cording to their electrical powers, it was 
then tried to how great a degree, bodies 
of the electric kind, fuch as glafs, for 
inftance, could be impregnated with an 
attracting power. A glafs tube, about an 
inch and an half in diameter, and three 
feet long,. being heated by rubbing, was 
found alternately te attract and repell all 
light bodies, at feveral inches diftance. As 
this, however, was but a trifling power, in- 
ftead of ufing a tube, experimental! philo- 
fophers procured an hollow globe of glafs, 

mode= 
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moderately thick, and about a foot dia- 
meter; which being made to turn upon 
an axle, in the manner of a cutler’s 
grind-ftone, and like that, being whirled 
round by means of a large wheel and 
ftrap, the palm of the operator’s hand 
kept dry by a glove, or Spani/h white be- 
ing kept upon it, a great degree of fric« 
tion was thus excited. The globe being 
rubbed in this manner, was feen to acquire 
avery great electrical force, and Door 
Helfham long fince found, that woollen, 
or filken threads, being held on one fide 
near it, while thus turning, they would 
dart themfelves into fo many ftraight 
lines, all pointing towards the center of 
the globe. The effluvia were even perceiv- 
able to the fmell and the touch; and thefe 
were the firft fteps, which were made in 
purfuit of the wonders that were after- 
wards difcovered, in this part of phi- 
lofophy. 


Ir, while the globe was thus turning, 
or foon after, it was touched with a piece 
of fealing-wax, refin, amber, or any 
other Se {ubftance, this made no 

alter- 
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alteration in its effects; the globe cone 
tinued to attract leaf gold, motes, or 
ftraws, a8 before: onthe contrary, when 
it was touched with a man’s hand, a piece 
of metal, a ftick, or any other non- 
electric body, all its attracting power 
ceafed in an inftant, and it required to 
be rubbed anew. It was, however, 
foon after perceived, that if the touching 
non-electric body, was placed in fuch a 
manner as to touch nothing but the 
electrified globe or tube, and to have no 
communication with any other body, it 
then became electric itfelf, attra€ted motes 
and ftraws, and its touching did not 
in the leaft diminifh the efficacy of the 
glaffes attracting power. If, for inftance, 
a piece of metal, or any other non-electric 
body, was fixed on the top of a glafs 
tube, taking care that it touched nothing. 
but the glafs only; and then the tube, 
being electrified, by rubbing with the 
hand, the metal above was feen itfelf 
to become electric; and like the glafs to 
attract and repel light fubftances; and 
like it, when the finger was brought near 

I ify 
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it, about the diftance of half an inch, to 
{nap and crackle. But if the metal, 
while it touched the globe, touched alfo 
the earth, or any other non-electric body 
that communicated with the earth, as a 
man ftanding on the ground, a chair, a 
table, or fuch like, all its new acquired 
virtue, inftantly ran into the man, 
or the table, and from thence down to 
the earth; where, like fpilled water, it 
vanifhed, and was loft in an inftant, and 
was no longer capable of its former. 
exertions. 


_In order, therefore, to ftop this cur- 
rent of electrical effluvia from running 
into the ground, asiieerek,: was to be 
placed between the man’s feet and the 
earth, that would prevent the eletrical ef- 
fluvia from going any farther. Now it was 
found, that all electrical fubftances could 
do this; for though they become eleCtri- 


_cal by rubbing themfelves, yet they never 


admitted the effluvia from another eleétri- 
cal body, but refifted its further progrefs. 
If, therefore, a cake of refin, wax, or 
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any other ftrongly electrical fubftance, 
be placed under the man’s feet, while he 
touches the electrified globe, he becomes 
filled with the electrical effluvia, which 
has no power to efcape downward, as 
the cake refifts it, and he is as capable of 
attracting light fubftances, to the furface 
of his body, as the globe itfelf. A piece 
of metal, inftead of the man, will do the 
fame, fo will all non-electric fubftances. 


' In general therefore we may obferve, 
that the eleCtrical effluvia can be poured 
into all non-electric fubftances at pleafure 
by communication ; that they receive it 
fimply, at the approach of the electric 
globe or tube, which is heated by fric- 
tion, and communicate it to all other 
non-electric bodies, with which they are 
united, though this union fhould be 
never fo extenfive. On the contrary, 
eletric bodies, whofe power can be 
excited by rubbing, will receive no 
efluvia by communication from other 
electrified fubftances, but repel all their 
emanations. ; 

LET 
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LeT us now then fuppofe the whole 
electrical apparatus prepated, the glafs 


globe turning {wiftly upon its axle, by 
means of a wheel, and rubbed by the 


~ hand of the operator, while the perfon to 


be electrified ftands upon a cake of refin,g 
wax and fulphur, mixed together, of 
about fifteen inches diameter; while he 
touches the upper part of the globe, or 
fome non-electric fubftance, that com- 
municates with it. The weather being 
dry, and the room {pacious, we {hall fee 
the following wonders enfue. Ina few 
feconds, the man will be filled with ef- 
fluvia; he will become perfectly electrical; 
his hands, and every part of his body 
will attract and repell light fubftances 
at four feet diftance, and even farther, 
if the weather be extremely dry. Each 
of thefe little fubftances, fuich as ftraws, 
motes, and leaf gold, are at firft drawn 
towards the electrified body with great 
{wiftitefs, and then when they have been 
faturated with the electric vapour, and 
have become equally electric themfelves, 
they are repelled with equal force. 
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WHATEVER non-electric body, the 
man electrified holds in his hand, be- 
comes eleétrified like himfelf, provided 
it has no other communication but with 
himfelf, or fome electric body, into 
which its effluvia cannot enter. And 
this extenfion of the eleétrical effluvia; 
inftead of diminifhing its quantity, feems 
rather to increafe its force, as well in the 
man, as whatever he holds in his hand. 
So that if a thoufand men fhould take 
hold of each other’s hands, provided they 
be all placed upon cakes of refin, or 
fome other ele€tric body, the laft man 
will be as foon eleétrified as the firft, and 
the greateft number rather more ftrongly 
than one at a time. However, if any 
one of them have the fmalleft communi- 


‘ cation with a non-electric body, which 


leads to the ground, if, for inftance, one 
of thefe thoufand men fhould have a 
linen thread, reaching from ‘the fkirt of 
his coat to the earth, the whole effluvia 
would efcape through that narrow con- 
ducter, to be loft entirely. If thefe men, 


inftead of holding hands, fhould each 
hold 
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hold an iron chain between them, they 
will be electrified with _ velocity and 
fuccefs. 


Ir now, the electrified man, who 
ftands foremoft, ceafes to touch the turn- 
ing globe, he will, neverthelefs, continue 
for a good while impregnated with the 
electricity he has received, as well as all 
the reft to whom it has been communi- 
cated ; however, their power of attracting 
and repelling light fubftances, will in- 
fenfibly begin to diminifh, till, after 
fome time, it totally ceafes. Metallic 
fubftances are found to hold this eledtri- 
city, infufed into them, much longer 
than animals; probably, becaufe their 
eleGtric matter does not tran{pire, as in 
animals, by perfpiration. But to make 
all eleGtricity ceafe in a moment, in either, 
it is fufficient juft to touch them with any 
non-eletric fubftance that communicates 
to the ground. 


Ir one, who is not eleétrified, brings 
his hand near the face of the perfon 
under the operation, he will perceive 

|e a the © 
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the impreffion of a fluid atmofphere 
about it; and continuing to approach his 
finger to fome protuberant part, the nofe’ 
- for example, if the room be darkened, 
the finger and the nofe will appear en- 
lightened; and when they approach ftill 
nearer, there will proceed, from the 
perfon electrified, with fome noife, a 
bright ftream like fire, which will affeé 
both parties at once, with a {mall fen- 
fation of pain, and which will be painful 
in proportion to the ftrength of the elec- 
tricity. This ftream will be equally pro- 
duced by the touch, from any part of the 
body, and even through the clothes ; all 
that is required, being only that the 
touching perfon be not eletrified himfelf. 


Ir is by this {mall ftream, that the 
efluvia migrate from one body to 
another; fo that if the barrel of a gun, 
or any other metallic body which is non- 
ele&tric, be fufpended by filk cords 
which are electric, and ftop the progref- 
fion of the effluvia, it becomes eleétrified, 
by a fingle touch from the man, under 
the operation; and what is more extra- 


3. ordi- 
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ordinary, the greater this non-eleCtric body 
is, the more powerful is its electricity. 


IF a fteel wire of five or fix hundred 
yards, be fufpended in like manner, by 
filken cords, the inftant it receives elec- 
tricity at one end, it is felt at the other; 
for the remote end will be found to 
attra leaf gold, the moment the nearer 
end touches either the man or the globe; 
and the effects, thus inftantly excited, 
may be as inftantly reprefled, by the 
touch of a perfon who ftands on the 
ground. If a man, flanding on a cake 
of refin, fhould, with the point of a 
fword, approach the wire thus electrified, 
yet without touching, he becomes him- 
felf equally fo; from whence it appears, 
that the effluvia can pafs from one fub- 
ftance to another, without either omits 
into contact. 


HITHERTO we have feen how elece 
tricity flows, either back or forward, 
with amazing velocity, and that it can be 
accumulated in any body at pleafure, by 
fimple infufion. It will be found alfo, to 
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exert all thefe powers in a vacuum, or 
place free from air, with a greater force ; 
for if a globe be placed in fuch a manner 
in a receiver, exhaufted of its air, that it 
may ftill continue to be rubbed with the 
hand, while the rubbing continues, and 
while the air is kept away, the globe will 
fend forth a wery bright light, in great 
quantities; but its brilliancy will become 
more feeble in proportion as the air is 
admitted, though the rubbing fhould be 
continued all the while. . 


Ir it be defired to give the electrical 
explofion ftill greater force, and to in- 
creafe the quantity and brightnefs of the 
flame, more globes than one muft be 
procured, all communicating with, and 
pouring their effluvia into one non- 
electric body. A long tube of white iron 
is generally made ufe of, for this purpofes 


as receiving the greateft quantity of | 


effluvia, and retaining it longeft, and 
eafily condu@ting it wherever the opera 
tor’s hand thinks proper. The flame 
that this iron tube, (or condu@or let us 
call it) when electrified, fends forth at 

the 
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the approach of the finger, refembles 
even lightning itfelf; it darts from the 
conductor to a great diftance, to meet the 
finger, and occafions a fmarting pain. 


WHEN the condudtor, or any other 
non-electric body, has been thus electri- 
fied, and has received as great a quantity 
of effluvia as it can bear, the overcharged 
effluvia, which is continued to be poured 
in from the turning globe, flows out, 
either from the whole furface, like a 


bright light, or from fome point or 
angle of its furface, in a ftream, like that 


which is excited by the approach of the 
finger. The flame refembles in form 
that of a hiffing {quib, (fee fig. 4.) narrow 
upon iffuing out, but diffufing its rays as 
it goes farther. If the finger be now ap- 
proached to this ftream, another wonder 


will appear. A ftream of fire will proceed 


from the finger, in an oppofite dire@tion 
to the other; narrow upon leaving the 
finger, but diffufing its rays as it goes 
forward. When both flames have ap- 
proached fo near as that they join, they 
then quickly condenfe, and an appear- 
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ance is excited, that every way refembles 
lightning; the flath is fudden, the noife 
is loud, a fulphureous fmell enfues, a 
great pain and fhock is felt, and a flight 
burn remains upon the finger that fuf- 
tains the experiment. We may kindle 
fpirits of wine a little warm, gunpowder, 
or any other inflammable fubftance in the 
fame manner, by holding them near a 
ftream of fire, iffuing from fome point or 
angle of the conductor, 


BuT the flame excited in this way, 
is but a fpark, compared to that excited 
by the famous Leyden experiment; the 
caufe of which, no philofopher has yet 
been able exactly to account for. A 
perfon holds by the bottom, in the broad 
of his hand, a decanter or bottle almoft 


filled with water, in fuch a manner, as _ 


not to touch any of the empty part of 
the bottle with his fingers. Then an iron 
Wire, that touches the globe or the cone 
dudtor with one of its ends, is made to 
dip the other end into the water contained 
in the bottle, but fo as not to touch the 
glafs inany part. While the perfon holds 
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the bottle thus, in the left hand, and the 
globe being ftrongly eleftrified, if he _ 
touches the condu¢tor or the wire with 
the knuckle of his right, he will imme- 
diately feel a moft violent fhock enfue, 
the force of which feems diffufed over 
his whole body; {fo great is its force, that 
Mr. Mufchenbroke, who was the firft 
who publifhed this experiment, thought, 
when he firft felt it, that it had killed 
him. This experiment was, fome time 
after, improved by Do@or Bevis; who, 
inftead of a bottle with water, made ufe 
of a large fquare pane of glafs, and a 
different non-ele€tric, namely, a me- 
tallic fubftance, in thismanner. A large 
f{quare pane of glafs, of about twenty 
inches diameter, though the larger the 
better, is tinned on both fides, as we 
fee the back fide of a looking glafs; on 
both fides however, there isa margin left 
all round untinned of about two inches | 
broad. The glafs being thus prepared, 
is placed flat upon a metal ftand, fo that 
the under fide of the pane lies upon a 
non-electric body, which itfelf commu- 
nicates 
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nicates with the ground. The upper fide 
of the glafs pane, is made to communi- 
cate with either the electrifying globe 
itfelf, or its conductor, by means of an 
iron chain, ‘Things being thus difpofed, 
the chain 1s ftrongly electrified by turn- 
ing the globe, and thus communicating 
with the upper fide of the pane, is elec- 
trified alfo. Now fhould a man be fo 
rafh, things being in this fituation, as to 
touch the under furface of the pane with 
one hand, while with the other he 
touches the chain that communicates be- 
tween the upper furface and the globe, 
the fhock would be fo terrible, that it 
would {trike him dead in an inftant. But 
to avoid this, the operator takes a bent 
iron wire, curved fomewhat in the form 
of a C, which is fixed in a glafs handle 
that prevents the effluvia from coming 
to his hand; he takes, I fay, this wire 
thus bent, and blunted at both ends, and 
with this touches at the fame time, the 
under furface and the upper chain that 
leads to the globe. The moment of the 
touch a lath of lightning enfues, which 
2 dazzles 
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dazzles the eyes with its {plendour; the 
noife may be heard at a great diftance, 


-and its force is fuch, that it can penetrate 


‘feveral fheets. of paper laid upon the 
upper furface of the glafs, or melt leaf 
gold, when properly oo to receive 
the flame. 


As es we have hitherto men- 


tioned ferves to explain the phenomena 


of this and the former amazing experi- 


ments, and as it in-fome meafure departs 
from the ufual laws of ele@tricity ; feveral 


very -learned men have been much per- 


plexed to account for it. Here we fee 


glafs, ‘which in the ufual inftances is un- 


touched by the electrical effluvia, in this 


experiment tranfmitting it, or ‘at leaft, 


ftrongly affected by it. The 4642 Nollet, 


Doctor Watfon, Mt. Fallabert, and Mr. 
Frankl, have:all attempted: to :account ~ 
for it, and each in a different way from 


the reft: it would be impetetinent here to 


recite or confufe-any of théir' opinions, 
we fhall only give an explanation ‘ater 


who 
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who delivers it himfelf as a meré con- 
jeCture, and as fuch we repeat it. It is 
true, he fays, that glafs refifts the admif- 
fion of electric effuvia, when. thofe 
effluvia touch its furface but in one or two 
points ; but when it is united with a non- 
electric body, fending forth its effluvia 
more clofely, fo as to touch furface 
againft furface; in fuch a cafe, the glafs 


imbibes the effluvia like a non-electric _ 


‘body. For inftance, as the furface of the 
water in a bottle, touches the internal 
furface of the glafs in every part, when 
this water is ftrongly electrified for fome 
time, the glafs will alfo imbibe a part of 
the effluvia from the water. Now this 
being admitted, and experiments fhew rt 
to be true; after it has thus for fome time 
imbibed the effluvia on its inner furface, 
this will make it begin to imbibe them on 
its outer furface alfo; fo that if the bottle 
be held in the hand, it will alfo imbibe 
the effluvia. of the hand. Now it ap- 
pears, that this current of effuvia coming 
from the hand is greater than that 
coming from the water within; fo that 

the 
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the two currents meeting in oppofite 
directions, the ftronger ftream will over- 
power the weaker, and the whole current 
will run from the hand to the outer 
furface of the bottle, from thence to its 
" inner furface, and fo inward to the water. 
If now, while the whole bottle is thus 
imbibing the effluvia from the hand that 
holds it, the man, with the other hand, 
touches the conductor, and charges him- 
felf in this manner with a frefh quantity 
of effluvia, thé whole torrent running 
towards the hand with the bottle; the 
hand that holds it will receive a moft vio~ 
lent fhock as the increafed effluvia enters 
the furface of the glafs, and at the fame 
time that the other hand which touches 
the conductor, receives alfo a flight fhock 
from this quarter, fo that the whole body 
feels at once two concuffions; and this 
produces the violence that is felt in the 
experiment of Leyden, 


HowEveRr this be, the great refem-. 
blance which the flame thus cxcited, in 
si re{pect, bore to that which dafhes 

from | 


62 4 SurRveEyY of 


from thunder, gave philofophers the firft 
hint of trying whether lightning was 
not actually the refult of electricity, 
Upon examination, it was found that the 
air is often charged with vaft quantities 
of eleftrical effluvia; that an iron wire 
fufpended by ele¢trical ftrings, often im- 
bibed this fluid from the clouds in great 
plenty; that in times of thunder it was 
particularly charged with it, and often 
with fo much more than it could contain, 
that the fluid ftreamed over from its points 
in great abundance. All this proved in- 
conteftably that lightning is no other than 
the eleétrical flafh of fome non-electrical 
uncharged body in the air touching 
another made electric by friction, or 
charged by communication. And this 
may be eafily enough conceived, if we 
fuppofe a large quantity of dry air be- 
come perfectly eleétrical, and touched 
by a non-eleétric cloud, as in an iron 
conductor applied to a glafs globe, the 
flafh enfues, and the inftantaneous loud 
noife is heard, which being echoed 
feveral times among the clouds, before it 

comes 
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comes to us, gives the continuing found 
of thunder. If the flafh fhould reach fo 
low as the earth, and a perfon fhould un- 
fortunately be in the place of its explofion, 
he is generally ftruck dead in a moment, 
and feels the moft inftantaneous of all 
kinds of death. 


Burt this theory is not only amufing, 
but ufeful; for as in fome countries the 
damages fuftained by thunder are frequent 
and terrible, Mr. Franki/in has invented 
a method of fecuring the houfes, and 
confequently the mhabitants, from its 
violence. It is no more than procuring a 
long iron rod, which reaches from the 
cloud to the earth, and is fo erected in or 
near a houfe, as to touch no non-eletric 
fubftance whatever, except the ground 
below, .and the cloud above. The end of 
this rod, touching the electrified cloud, 
imbibes the electric fluid with which the 
cloud is charged, and carries it down to 
the earth; where it is diflipated without 
farther mifchief. 


SOME 
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SomE other meteors are the refult 
, alfo of this eledtrical fluid. The Aurora 
Borealis tor inftance, or that fhining light 
which is often feen by night in the 
heavens, and which the vulgar call 
fireamers, may be thus accounted for 
from its effects. For it muft be obferved, 
that fometimes electric bodies fuck in the 
electric fire, and fometimes they throw 
it out: if, for inftance, after rubbing an 
unpolifhed tube of glafs, you approach it 
with the finger, the ftream of fire comes 
from the finger to the glafs; if on the 
contrary, this tube be polifhed and then 
rubbed, the ftream of fire will come from 
the glafs to the finger. Now fhould we 
fuppofe, in the fame manner, two electric 
clouds with different furfaces, and there- 
fore one of them attracting the other’s 
effluvia, if we fuppofe an intervening . 
non-electric cloud as the conduétor of the 
fluid from one cloud to the other, it will 
fhine like the overcharged iron conductor, 
and put on the appearance of the meteor 
we attempt to account for. 


From- 
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~ From eleétricity alfo, we triay account 
for that firé; fo often feen by failors, 
called St. Anthony’s fire, whith is no~ 
thing more than the electrical fire rufh- 
ing into a place exhaufted of its air, and 
there putting on a luminous appearance, 
‘as it always doe’ in a vacuum, However, 
after all, in attempting to account for — 
any of thofe meteors, we have but -pro- 
bable conjectures to fupport us; there is 
not hitherto enough known of the phz- 
nomena of electricity to build any fyftem 
upon, and we are defirous of faying 
fomething rather to excite, than fatisfy 
curiofity. | 


Ir has not lefs embaraffed philofophy 
to account for the nature of this fluid, 
than to afcertain its properties. Some have 
fuppofed electrical fire to be a diftin@ 
fluid, as diftin&® from all others in © 
nature, as the magnetic fluid is known 
to be; others will have it to be merely 
elementary fire, or fuch as is collected by 
the burning glafs; others that it is a 
culinary ; and others that it is no other 

Vou. I. F than 
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than the Ether of the ancients, or of Sir 
Tfaac Newton, which is diffufed through 
the whole fyftem of the world; and the 
motions of which, give movement to all 
the reft of matter. To explain the refem- 
blance between Ether and eleétricity, 
it has been in a former chapter obferved, 
that this Ether is fuppofed to be in 
greateft quantity, or denfeft, in the moft 
porous bodies; and on the other hand, 
‘more fine and fubtil in denfe bodies, fuch 
as gold. It is alfo known by experience, 
that upon heating or rubbing any fub- 
{tance whatever, it fwells under the 
operation, grows bigger, and confe= 
quently becomes more porous. Now, fay 
fome, in proportion as the body becomes 
‘porous, the furrounding Ether rufhes 
into it, and accumulates within, till the 
heat or the rubbing ccafing, the body 
gradually fhrinks to its former dimen- 
fions, and the Ether is again ejected. 
Now this, they continuc, is exa@tly what 
happens in electricity; the furface of the 
body is encreafed by rubbing, the elec- 
trical fluid ruthes into its pores, and there 
aG % remains 
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remains for fome time, till the effects of 
the rubbing ceafes. And as the body, 
which by its dilatation receives this 
fluid, is, during the time of rubbing, 
continually taking in an overplus; and 
conftantly, after the rubbing has ceafed, 
by contra@ing itfelf, isfqueezing out what 
remains, a part will be thus forced into 
whatever body comes 1n conta& with it: it 
will, they fay, be forced into all bodies 
that communicate, except fuch as have an 
extremely denfe atmofphere furrounding 
them, which like a fhell defends them from 
the incurfions of this fluid that would thus 
force an entrance. But it is, they add, 
known by experience, that of all fub- 
ftances, thofe which contain hight within 
them have the denfeft atmofphere; of 
this fort are glafs, refin, diamonds, and 
in fhort, all highly elcétrical bodies. 
Bodies like thefe are ever found to refift 
the incurfions of this fluid, except their 
pores are opened and their atmofnhere 
rarified by rubbing. This denfe atmof- 
phere which furrounds them effectually, 
prevents the entrance of the fluid by 

F 2 com- 
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communication; and in like manner, 
when the fluid is introduced by rubbing, 
keeps it a long time fhut up in the body, 
and prevents it from efcaping. For this 
reafon we find eleétrical fubftances 
never receive the fluid by the touch 
alone, but when they have been other- 
wife excited, they hold the fluid a longer 
time than non-electric bodies are found 
to do. 


SuCH have been the attempts to reduce 
this part of philofophy into fyftem: but 
philofophers have, in this inftance, re- 
fembled architeéts, who begin to build 
before they have laid in proper materials. 
The experiments on this fubje&t, though 
numerous and amazing, have yet pro- 
duced no certain light, to illuftrate the 
ules of electricity in the general fyftem 
of nature; and even while we build 
one fy{tem upon the materials already 
procured, new experiments offer, to 
interrupt our progrefs. Mr. Hamilton 
of Dudbkn, let a flender brafs or iron wire 
about five inches long be fo placed as to 

turn 
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turn upon a point like a mariner’s needle, 
or as we fee a turn-ftile in the country. 
Let both ends be finely pointed, and half 
an inch at each end be bent in oppofite 
directions till they are at right angles with 
the reft of the wire; fo that it will form 
a figure fomewhat refembling the letter 
Z, or rather this thape |, the ends 
pointing neither up nor down, but in.a 
plane with the furface of the earth. The 
ftand or point on which this wire is made 
to turn muft be two or three inches long, 
and muft have its other end fixed ina 
{mall block of wood; then let the block 
with. the wire be fet in an electrified 
body, and the wire will turn round with 
great velocity, in a direction contrary 
to that in which the electric fluid 
iffues from its points. 


THESE are the outlines of the dif- 
coveries in electricity; a fubje&t which 
has of late employed the attention of 
philofophy, and which is yet but in its 
infant ftate. Thofe various appearances 
which it affumes, probably arife from 

F 3 | fome 


9 A SURVEY of 


fome one leading caufe, which is yet un- 
known: that it is of ufe in the fyftem of 
nature, muit be granted, for we find it 
hitherto, either medicinally or mechani- 
cally, of no peculiar benefit to mankind, 
and nature does nothing in vain. But 
what its ufes in nature may be, whether 
it regulates her motions, or puts her into 
motion; whether it vivifies her produc- 
tions, or continues their exiftence; whe- 
ther it fupplies animal heat or elementary 
fire, are fubjects not yet illuftrated; and 
may perhaps continue unknown while 
man fees but in part. Some of the con- 
jeCtures on this fubject are given; all 
would be endlefs. | 
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CHAP. V. 


of the Attraction of Cobefion and Ca- 
pillary tubes. 


FE. have hitherto feen attraction 
to prevail in every part of nature, 
that has fallen under our notice; magnets 
to attract bodies at a diftance without 
rubbing, electric fubftances performing 
the fame effects upon being rubbed: but 


befides thefe powers in nature of form- - 


ing large maffes by uniting bodies to- 
gether, there is one of another kind, in 
which bodies that at the Icaft fenfible 
diftance have no power -of attracting 
each other, yet being touched together 
‘clofely join and unite with a kind of 
fympathctic fondnefs. 


WE perceive feveral bodies when ap- ° 


plied to each other flick clofely, while 
others, though united never fo clofely, or 
never fo'long, cannot be: made to adhere 
after the force that kept them together is 
taken away. This power of cohefion, 
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by which hodies are held together, 
has perplexed the philofophers of every 
age, and every age has attempted the 
folution. Some have afcribed this tena- 
city of bodies, to a kind of hook’d for- 
mation in the atoms that compofed 
them ; fo that two atoms like burs ftick 
to each other, the hooks in one catching 
thofe of the other, As this however 
was explaining one difficulty by a fill 
greater; Bernouilli afcribed all cohefion 
to the uniform preffure of our atmof- 
phere. This theory he endeavoured 
to fupport by an experiment of two 
polifhed marbles, which would co- 
here in the open air, but would drop 
afunder in vacuo, or a place where the 
air was exhaufted. But unfortunately 
for him, this fact happens to be falfe. 
Others were for afcribing cohefion to an 
occult quality in bodies, by which they 
aimed at a ftate of reft; and others 
again afferted, that the attempt at 
motion in all the parts of a body pro- 
duced the reft of all, and thus they hap- 
pened to unite into maffes of peculiar 
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fizes and hardnefs. Such were the former 
weak attempts to folve this difficulty. 
Newton however faw, with the greateft 
degree of probability, that this tenacity 
of bodies might be produced by the fame 
eaufe by which we fee iron fly to the 
load-ftone, or ftraws move to amber; in 
fhort, that it was produced by attraction, 
a caufe unknown to us indeed, but of 
which, in numberlefs inftances, we fee 
the effects. The furfaces.of all bo- 
dies, faith he, are unequal, which 
caufes that they touch only in a 
{mall number of points, when placed 
one upon the other, The: lefs une- 
qual the furfaces of the bodies the 
more they touch, and confequently the 
more they attract each other. Thus we 
{ee, that thofe which have the eveneft 
furfaces, have the greateft power of 
cohefion; and if, to render thefe fur- 
faces ftill more uniform, the pores be 
filled up with fome liquid, the power of 
cohefion will be ftill greater, 


In 
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In the fame manner all folid bodies 
when brought into .contact, as well as 
all liquids whatfoever, adhere to each 
other. ‘Thefe attra& folid bodies, and 
are mutually attracted by them; from 
whence it appears, that this attracting 
power is diftufed over all parts of nature, 
_at leaft fuch as we, have hitherto exa- 


fnined. If we apply the furfaces of twa | 
looking glafles to each other, being pre- 


vioufly well polifhed, cleaned and dryed, 
it will be found that they adhere to each 
other with a very fenfible tenacity. The 
fame effects will happen in vacuo (or a 
{pace emptied of its air) as well as in the 
ufual manner. If two leaden balls be cut 
fo as to have even furfaces, and they be 
prefled againft each other with a twift, 
it will be feen that they adhere with a 
force equal to forty or fifty pounds 
weight. In general, all bodies whofe 
furfaces are even will thus ftick to each 
other, and if a liquid be f{meared over 
either furface, their cohefion will be ftill 


the ftronger. 
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‘ {T is this liquid or thick oil which is 
contained in the bodies of all plants and 
vegetables that holds their parts together; 
and we are taught by chymiftry, that if 
this be burned away the reft will fall into 
afhes, and without the reftoration of 
fome other fluid, the parts cannot again 
be united. The bones of animals alfo, if 
calcined in fuch a manner as that all their 
oil fhould be exhaufted, while their form 
is preferved, will be found to become 
extremely brittle, but they will in fome 
meafure recover their former ftren¢th 
if they be dipt in oil. Thus we find 
that fome bodics are thus perceived to 
cohere, and to be more tenacious than 
others, by means of this fluid, or elfe 
from their internal conformation, by 
which the furfaces of every particle of 
matter contained in them, touch the fur- 
faces of the neighbouring particles in 
the greateft number of points. 


Mufchenbroek has made many expcri-~ 
ments to find the force with which the 
parts of many bodies are found to cohere 

to 
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to each other; or in other words, how 
much force is required to pull the parts of 
any body afunder, drawing them accord- 
ing to the length of their fibres. In thefe 
trials he found that the beech and ath 
were the tougheft of all woods; next to 
them the oak, then the linden and alder, 
then the elm, and laftly the fir; the 
weight required to pull a piece of ath 
afunder, being more than double what 
was fufficient to break the fir. He alfo 
made fimilar trials on metals; of thefe, 
gold was the moft tenacious, then iron, 
filver, yellow brafs, copper, tin, lead, 


But bodies are found to attraG each 
other at minute fenfible diftances, as well 
as in contact. If we place between two 
glafs plates, fuch as thofe which have 
already been mentioned, a fine filk 
thread, then we may eafily conceive 
thofe two plates will not touch, fince 
they will be feparated from each other 
by the whole thicknefs of the thread; 
but however, notwithftanding this fe~ 
paration, the two plates will mutually 

attract 
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attract each other, though with lefs force 
than if there were nothing between them. © 
Place between the plates two threads of 
the fame twifted together, and afterwards 
three; the glaffes will ftill attraé, but 
with lJefs force than before. 


Ir is by this power, faith Newfon, 
that the {mall particles of bodies a& 
one upon another, at {mall fenfible dif- 
tances, and caufe feveral phenomena 
innature. This opinion has been driven 
as far as it could well bear, by Freind 
and Kei, and been brought to explain 
all the theory of chymiftry, as well as 
fome other obvious appearances. Some 
bodies, fay they, have a greater power 
of attracting certain kindred bodies than 
others. ‘Thus water, in which the gall. 
nut has been diffolved, attracts the parts 
of iron, and forms the black liquor called 
ink; but if we pour into this ink fpirits 
of nitre, with which the iron has a 
greater affinity, or by which it is more 
ftrongly attracted, then the iron, before 
difolved in the gall watcr, flies to its 
| more 
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more kindred fluid the fpirit of nitre, 
and finks with it to the bottom of the 
veflel, leaving the water at top quite 


clear of any colour, except that given it 


by the gall-nut originally. If again we 
pour into this compofition fpirits of 
vitriol, between which and fpirits of 
nitre there is the utmoft affinity, the 
nitre fpirit. immediately quits the iron 


which it before united itfelf to, in order 


to join with the more kindred fpirit of 
vitriol; and the iron, thus let free, is 


once more fufpended like a black fluidin | 


the gall-water, as before. By this me- 
thod alfo of reafoning, we may account 
for all thofe changes wrought in the co- 
lour and taftes of liquors, upon their be- 
ing mixed with each other. For whether 
they be naturally fluids, or only bodies 
diffolved or fufpended in fluids, the kindred 
bodies fly to their peculiar kindred bodies. 
But if the affinity between the fluids and 
the body fufpended, be greater than be- 
tween the particles of the body itfelf, the 
body ftill' remains fufpended or diffolved; 
but if the parts of the body attract each 

other 
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other with greater force than the liquid 
attracts them, then they begin to 
‘eryftalize, or to unite into maffes of 
fuch figures as the peculiar kinds of fale 
are ufually found to be. Laftly, when, 
continue our authors, upon the mixture of 
two bodies in the fame liquor, which are 
both more ftrongly attracted by each 
other than by the fluid that furrounds 
them, they happen to ftrike againft each 
other, if they happen to be elaftic they will 
confequently be driven back with a degree 
of force almoft equal to that with which 
they have been attracted; and this alter- 
nate attraction and repulfion will produce 
a fermentation in the whole. In this man- 
ner fome Engli/b philofophers have at- 
tempted to account for many chymical 
phenomena; much has been objected 
again{t their theories, and the truth is, 
when cxamined clofely, they have neither 
that precifion nor  perfpicuity which 
fubjects of this nature require ; however, 
this difquifition belongs more properly 
to chymifts than natural philofophers, 
and with them we leave it. 

But 
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BuT to prove the attracting power of 
one body upon another beyond all poffi- 
bility of doubt ; if a glafs bubble be fet 
to float on water contained in a glafs 
vefiel, at-4 {mall diftance from one fide 
~ of it, though at firft it appears motionlefs, 
yet after a very fhort time, from a ftate of 
reft it will begin to move towards the 
fides of the veffel, and that witha velo- 
city encreafing as it approaches the 
power attracting, till at laft, it fhall 
ftrike the fide of the veffel with fome 
force. This approaching of the drop to 
the fide of the veffel is alfo the more re- 
markable, as it in fome meafure moves up 
hill, the water in the glafs veffel rifing 
_ all round the edges, as is obvious to 
every minute’s experience. 


To thew this attracting power in an 
inftance or two more. If two polifhed 
plates of glafs, fuch as we have men- 
tioned above, be both placed edgeways in — 
water, their furfaces very near and 
parallel to cach other, a fmall part of the 

glaffes 
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plaffes being only thus immerfed, the 
water will rife up between them, and the 
lefs the diftance between the two furfaces 
of the glaffes, the higher will the water 
rife. If the diftance between them be 
about the hundredth part of an inch, thé 
water will rife to about an inch; if the 


diftance be but half that, the water will 


rife but half as high. 


As water or any other fluid (except 
mercury) thus afcends between polifhed 
plates of glafs, fo it does likewife in 
flender pipes of glafs open at both ends, 
{commonly called capillary tubes.) Thefe 
capillary tubes of glafs may be drawn to 
an exceffive finenefs, much flenderer 


than the fincft wire of an harpfichord, ° 


by means cof a blow pipe and candle. 
If one of thefe hair-like tubes be dipped 
at ‘one end into water, fpirit of wine, of 
any other convenient fluid, the liquor 
will rife to confiderable heights, the 
narrower the tube the higher the liquor. 
This fpontari¢ous elevation of the fluid, 

Vor. L. G which 
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which is in appearance contrary to ite 
natural weight, demands our moft parti- 
cular attention. The body of man may 
be compared to an hydraulic machine, it 
it may be contidered as a colleétion of 


_ tubes with their proper fluids running 
through each. In*the almoft infinite 


number of pipes which thus compofe the 
human frame, thofe of the {mall capillary 
kind, are without doubt the greateft in 
number; for this reafon therefore, a 


thorough knowledge of thefe, interefts 
us the more. 


THE fubjeét is difficult, and requires 
patience and revifion. The afcent of the 
fluids, in capillary tubes, has been by the 
beft philofophers afcribed to the power 


Of the fides of the tubes attra¢ting the 


fluid; but there are fome things which 
shail this opinion, and Doétor Yurin 
was the firft who treated the fubje@ with 
much accuracy and precifion. Before 
the method of explaining this phzno- 


menon was broached by Newton, fome 


alcribed 


Experimental Philofophy. 83 
afcribed the rifing of the fluid in the nar 
row tube to the unequal preffure of the 
atmofphere; the air, faid they, is com- 
pofed of parts which ftick to each other, 
. and confequently cannot enter the narrow 
tube where it is open at the top, there~ 
fore not being able to prefs upon the fluid - 
within the tube, as it does upon the fluid 
without, the fluid is pufhed up by the 
external preflure being greater than the 
internal. This whole hypothefis is de- 
ftroyed by a fingle experiment, for the 
fluid rifes in vacuo, where there is no air, 
‘as well as in the ordinary manner. 


ANOTHER fet of naturalifts have ima 
gined, that upon the tube’s being im- 
merfed in water, that part of the water 
in immediate conta with the internal 
furface of the tube, loft its weight down- 
wards by its adherence to the fides of the 
glafs; that it was therefore pufhed up- 
ward by that part of the water immedi- 
ately below it, which coming into the 
place of the former, loft its own weight 
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in the fame manner, by adhering to the 
inner fides of the tube, and that thus fuc~ 
ceflive columns of water were forced up 
and fufpended. But if this fyftem were 


true, thetube, by being plunged into the’ 


water in fuch a manner as would caufe 
the fluid to adhere to it in greateft quan- 
tity, would be moft filled with the fluid. 
However, the tube which is but flightly 
dipped becomes as well filled as that 
which is deeply immerfced in the fluid. 
Thefe fyftems being found inadequate to 
the purpofes of explaining this appear 
ance, later philofophers have had recourfe 
to attraction, all agreeing that the fluid 
is attracted by the tube, but they differ in 
the part by which the tube attracts. Somé 
have faid, (fuch as Hawk/by and Morgan } 
that the internal furface of the tube at~ 
tracts the fluid and caufes it to rife, till 
the weight of the fluid, fo raifed, be- 
comes equal to that power, which thus 
tifts it above its levcl, and then it ftops 
without rifing. This explication, how- 
evcr, is by no means fatisfactory; for, as 
3 we 
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we have faid before, the narrownefs of 
the tube and the height to which the 
water rifes are always in the fame pro- 
portion; as for inftance, if a tube the 
hundredth part of an inch diameter, raifes 
the water to one inch, a tube the fiftieth 
part of an inch will raife juft half an inch 
of water. Now the internal furfaces of the 
tubes cannot be the caufe of the water’s 
rifing in either, for in the narrow tube, 
the furface applied to raife the water, is 
greater than in the wide one; whereas, in 
the latter, the quantity of water raifed 


is greater; wherefore, if the furfaces were - 


the caufe of attraction, the greateft fur- 
face would raife the greateft quantity. 


, Doctor Furim percciving the infufh- 
ciency of this explication, has given one 
of his own; but firft, a very remarkable 
experiment is neceflary towards explain- 
ing it. Dip the tube A B (fc. 5.) of two 
different diameters into water. Though 
a tube of the diameter of the part CB 
could elevate the water only to the point 

G 3 E, yet 


86 | A SuRVEY of | 
E, yet if it be filled with water upto D, 
this water will not fink again, but con- 
tinue fufpended in the tube as high as if 
it were only of the fmall diameter of 
the parts AC throughout. By this ex- 
periment it is obvious, that the liquor does 
not remain fufpended, by the attracting 
power of the whole internal furface, 
fince here there is no proportion between 
the thing which raifes, and the thing 
which is raifed; the quantity of furface 
attracting, being very trifling in this ex- 
periment, and the quantity of water 
raifed very great, Our judicious philo- 
fopher, therefore, is of opinion, that as 
the fluid rifes in proportion tothe diameter | 
of the tube in its upper part, that it is. 
attracted by that ring of the internal fur- 
face of the tube, which Is touched by the 
upper furface of the fluid as it afcends. 
As this ring is narrow the water rifes 
high, as it is wide the water finks in 
proportion, 


Mr. Clarault is ftill for another hy- 
pothefis, and thinks the inferior end of 


the 
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the tube is the chief elevating power ; 
like the former, however, he allows 
attraction to be the caufe; but ftill it muft - 
be confeffed that the laws of this attrac- 
tion, at what diftance it acts, or how the 
fame acknowledged force is found to 
raife, in one inftance, a large weight of 
water, and in another, is incapable of 
fupporting a much lefs, are things not 
yet clearly made out; we know enough 
of the general appearances of capil- 
lary tubes, to afcribe their power to ate 
traction; fome exceptions only raife 
doubts, and teach us to fufpend our entire 
affent; only ftill let us appear fenfible 
that ignorance is better than error, 


_ WHATEVER be the caufes of the af- 
cent of fluids in capillary tubes, the ex- 
periment is obvious, and in the explica~ 
tion of many parts of nature, we fhall 
find the doétrine of fluids afcending in ca- 
pillary tubes of great utility. “The human 
frame, as we have already remarked, is a 
~ machine compofed of numberlefs tubes of 
G4 different 
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_@lifferent diameters, with fluids circue 
lating through them. Through the 
largeft of thefe, the force of heat, or their 
own power of contraCtion, or the im- 
_ pulfe of the fucceeding parts of the fluid 
driving on that before it, are the caufes 
of circulation; but when the diameters 
of thofe veffels become fo {mall as to lofe 
all elaftic contrating power, or when 
they.are at too great a diftance from the 


heart, which is the propelling power, or 


when placed at fuch angles that the fuca 
ceeding mafs of fluid no longer prefleg 
. from behind, it is then that circulation ig 
carried on in the fame manner as fluids 
rife in capillary tubes, the minute veflelg 


of the body taking the blood and other 


juices through them, by means of this 
capillary fuction, if I may fo call it, and 
then emptying themfelves in the larger 
vellels again, | 


: Iw the fame manner, every plant and 
vegetable may be confidered as a bundle 
of capillary tubes united, with their ends 
placed in the earth, from whence they 
. | imbibe 


‘ 
a a ee i a a ls Sas ee a ee ee ee ee em 


Sa eed an ee ope eo oe ee 72 ee ee ae 


.ff a al = 
re cou ~~ ee ee ae ee 


Experimental Philfophy. 8g . 
imbibe their moifture; and if each of 
thefe tubes be confidered as indefinitely 
{mall, it is apparent that fuch will raife 
the fluids to any indefinite heights, fo 
that the fap will rife by the fame meang 
in the talleft oak as well as in the lower 
fhrub. But it may be afked, how 
fome vegetables extract one kind of fap 
from the earth, and others a fap every 


way different? In anfwer to this it may 


be obferved, that glafs capillary tubes of 
all other fluids are found to raife water 
to the greateft height; now if we fup- 
pofe every vegetable like the glafs tube, 
thus endued with. a property of raifing 
fome particular fluids to greater heighty 
than others, we may, with equal pros 
priety, fuppofe ‘that fome vegetables arg 
fo formed, as to raife only fluids of one 
particular kind, and that this is the caufe 
of that variety. which ig found in theis 
juices, | 


THE theory of capillary tubes has alfa 
been brought to explain the afcent of 
| liquors 
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liquors in a fponge, in a loaf of fugar — 

the under furface of which is placed in 

water, and fuch like fubftances, which 

being porous, may be confidered as com- 

pofed of a number of little canals or 

tubes, each of which acts in the manner 

already explained. Perhaps this doctrine 

may alfo be of ufe in explaining the 

origin’of fountains, the waters of which 

are thus imbibed by the earth, and rife 

through its fubftance till they come to its 

furface, to fupply the neceffities of man, | 

or to adorn his habitations, As the earth 

may be ‘thus confidered aéting like a 

{ponge upon the waters placed below its 

furface, fo the air has been compared to 

a fponge raifing waters to great heights 

above its furface. This has been affigned 

as the caufe of vapours, clouds, and ex- 

halations. A fponge or capillary tube, 

when filled with its fluid, continues to 

attract no longer; in the fame manner 

the air, when charged with rain, has no 

power of abforbing moifture, but con- 

tinues thus charged till the cold condenf- 
- Inf 
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- ing, it acts upon it like preflure upon 
a {ponge, and thus —— it to fall in 
rain. 


We could adapt this theory to the 
explanation of feveral other phenomena 
not yet well under{ftood, but we would 
not embarrafs the learner, in his very 
entrance upon this pleafing ftudy, with 
unfupported conjectures. They who can 
wreft fuch experiments as thefe to ex- 
plain all that they fee, would, with — 
equal eafe, have explained appearances 
of a contrary kind, upon the very fame 
principles; the caufes of meteors are as 
yet but little underftood, and in fad, for 
many years paft, have been oe little 
fought after. 
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CHAP. VL. 
Of the Attraction of Gravity... 


E have hitherto feen an attrac- 

tion prevail at fenfible diftances 
between iron and the load-ftone ; ; we 
have feen -it prevail in a more general 
manner between electric and non-eleétric 
fubftances; it has been found exifting ftill 
more generally in almoft every body that . 
can be fubjected to experiment, operating 
moft ftrongly in cohefion, and lofing its 
force in proportion as the two bodies un- 
der experiment were removed from each 
other. If now, therefore, we would de= 
{ire to enquire into the reafon that all bo- 
dies continually fall to the furface of the 


. earth, would we afk the caufe that impclls 


them rather downwards than upwards, 
the anfwer will be obvious, namely, 


_ attraction. The fame fecret caufe that 


impells iron ta the load-ftone, or motes - 
to amber, influences all bodies on the 
furface of the earth to fly to it. Itisa 
tule adopted by philofophers and con- 

firmed 
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firmed by cbmmon fenfe, that more 
caufes than one are not to be affigned fot 
fimilar effects; here we fee nature opé= 
rating in many inftances entirely like het 
operations in others, and therefore we 
muft dccount for her operations by the 
fame rule in both cafes. Let uf, thetes 
fore, for a moment, confider the earth ag 
one great attracting body, drawing like 4 
magnet'every thing to its furface; a ftoné 
when forced .up into the air, by thé 
ftrenpth of the flinger’s arm, comes 
down again by the earth’s attraCting 
power; a cannon ball fhot upwards; 
is brought back by the earth’s influence; 
with almoft equal velocity. Let us fuppofe, 
I fay again, that the earth acts upon thefé 
bodies in a manner, fimilar to that with 
which amber aéts upon ftraws, or a mag 
net acts upon iron. Let us be allowed 
this for a fhort time, and it will foon 
receive almoft inconteftible evidence from 
a variety of reafons. 


To have an idea of this, let us begin 
by confideriag by what laws the attradtive — 
power 
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power of the globe, which we inhabit, 
may be fuppofed to be, and in fac ig 
regulated. Let us then, firft, conceive 
our earth as a great {phere or ball, and 
its attracting power as iffuing forth from 
all parts of it in ftraight lines, as rays 
do from the fun, as heat from fire, or 
{mells from a perfume; in fhoft, diffufed 
every way in right lines from the center 
of the globe under confideration. ‘This 
being conceived, it is obvious, the force 
by which any body on its furface is ata 


tracted, will be greater or lefs in propor= 


tion to the quantity of the attracting rays ; 
but all rays iffuing from a center, recede 
from each other, as the fquare of their dif- 
tance from that center encreafes; that is, 
a body at twice the diftance of another 
body, will be attracted only by a fourth 
part of the rays that attract the latter, at 
thrice the diftance, with only a ninth part, 
at four times the diftance, with only a fix- 
teenth, and fo on. Thus if I deftre to 
know how mucha body, which atone femi- 
diameter of the earth’s diftarice weighs 
or prac? four pound, will weigh at two 

femi- 
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femi-diameters diftance; I take the in- 
creafed diftance two, and fquare it, that is, 


multiply the number by itfelf, thus, twice 


two is four, and then fay, as this {quared 
diftance is encreafed, fo much is the 


_ gravity or the weight of the hody dimi- 


nifhed; that is, the body weighs four times 
lefs thar®it did at firft, viz. one pound. 
Now fhould it be afked how much ‘this 
fame body will weigh, at three femi-dia~ 
meters diftance, I again take this diftance 
three, and fquare.it, which is nine, and 
then fay, that the body only now weighs a 
ninth part of its original weight; that is, 


fix ounces, or thereabouts. In fhort, to fay 


all this in different words, the force of 
gravity increafes in a duplicate proportion _ 


_as it approaches the attracting power. 


ALL bodies upon this earth tend to 
it in a line perpendicular to its furface; 
the lighteft will fall, if unfupported by 
fome furrounding fluid, fuch a$ at or 
water, as well as the heavieft. The 
{moke of a candle which afcends in 

the 
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the air pump, before the air is exhaufted, 
yet upon a vacuum being made, will fall 
down pluimb to the bottom of the receiver: 
If we drop a piece of gold and 4 feather 
from the top of an exhaufted receiver, 
they will both fall to the bottom at the 
fame time; by which it appears that 4. 
body,, which is ten thoufand timés heavier 
than another, yet is attrated with equal 
eafe and celerity. The force, therefore, 
which has caufed the heavy body to 
defcend, has acted upon it with ten 
thoufand times the degree of power 
which has been applied to move thé 
lighter, in the fame manner, as it requires 
ten times more ftrength in me to lift ten 
books than one. Gravity, therefore, 
acting in proportion to the quantity of 
matter in all bodies, and the earth, 
which is almoft infinitely greater than all 
other bodies on its furface, acting with a 
comparatively infinite force, muft attrad 
all td itfelf, with almoft an infinite de- 
gree of fuperiority, - 


Bur 
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BuT although thefe be the laws by 
which gravity ats, at confiderable dif- 
tances from the center of the earth, yet 
we cannot pretend to afcertain them by 
experiment; the difference, perceivable 
by us at the furface, is fo {mall, that it 
{carce makes any alteration in the defcent 
of bodies. We, onthe furface, are dif- : 
tant from the center of the earth, near 
four thoufand miles, and at the height of 
one mile, our diftance will be four thou- 
fand and one miles; now fhould we re- 
gulate the difference of gravity by the 
{quares of thefe numbers, .they at the 
furface will find their gravity to be about 
fixteen thoufand, and they a mile higher 
fixteen thoufand and eight, a difference 
too fmall to be perceivable by cur fenfes, 


Burt though this difference is not per- 
ceivable by us, in the defcent of bodies 
at the furface of the earth, yet when we 
afcend to the heavenly bodies, particu- 
larly to the moon, which we know by 
the means of the telefcope, to be nearer 

Vout, I. H the 
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the earth than any of the reft, we fhall find 
thcfe laws of attraction to guide it in all 
its motions. We fhall find that all the pla- 
nets turn round the fun, which is infi- 
nitcly larger than themfelves; by the 
fame law, we fhall fee thofe fmaller 
planets, which are the attendants upon 
other planets, guided by the laws of gra- 
vity; if we meafure their diftances from 
each other, and the times of their tra- 
velling round their refpective centers of 
revolution, we {hall find all concur in 


proving that the larger bodies attraét the 


{maller, in proportion to the difference of 
their quantities of matter, and that they 
are attracted the nearer they approach, 
with a force increafing, as the diftance 
{quared decreafes. If this be true, and 
it will fhortly appear that itis, the defcent 
of bodies to the furface of the earth, re- 
ceives a new proof of its arifing from 
that power we call attraction. For if we 
find this attraction to prevail amongft all 
bodies in the heavens, as upon all on 
the earth, it would be bad philofophy 

to 
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to fay, that in the fingle inftance of a 
body’s falling to the furface of the earth, 
nature acted upon different principles, 
fince natural effedts of the fame kind 
muft be allowed to procced from the 
fame caufes. If I fee a ftone gravitate | 
here, and another gravitate or fall in 


| America, I allow the fall in both to pro- 


ceed from the fame caufe. But if I fee 
the moon gravitate towards the earth, 
(as will fhortly be feen fhe does) if I 
fee the earth gravitate towards the fun, 
if I fee his attendant planets gravitate 
towards Fupiter, if I fee motes gravitate 
to amber, and iron to the magnet, it 
would be abfurd not to grant that the 
fame caufe which makes all thefe gravitate 
or fall towards each other, makes alfo a 
ftone gravitate or fall towards the earth; 
nature acts fimply, and we fhould reafon 
with a fimplicity conformable to her 
operations, | 
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CHAP. VII. 


Of the — of Attraction in Cele Rial 
Bodies. 


E faid that the laws of gravity 
prevailed in guiding the motions 
of all the celeftial bodies of our fyftem ; 
an affertion which requires to be proved. 
However, as it is a fubje&t which belongs 
rather to aftronomy than natural philofo- 
phy, we mutt explain it with the utmoft | 
brevity. ‘To enquire whether it be the 
fame principle which guides the moon 
in her orbit, and makes an heavy body 
fall towards the furface of the earth, and 
whether they be moved by the fame 
Jaws, it is firft neceflary to examine 
what fpace a body falling to the earth, 
would move through in one minute, and 
what {pace the moon, which is fixty femi- 
diameters of the earth diftant, would 
_ move through in the fame time; and rf 
they are both found regulated in fimilar 
proportions, they may both be afferted 
to arife from one {fimilar caufe. 

Newton, 
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Newton, the great inventor of the fy{- 
tem, fet himfelf diligently to meafure 
both. He was taught that a body falling 


to the furface of the earth, ran through © 


fixteen feet in a fecond, for this experi- 
ment had been made with exaétnefs by 
Galileo before him. But in meafuring the 
motion of the moon he had more trouble, 
for it was firft neceflary to know her pre- 
cife diftance from the earth, and to attaina 
knowledge of this, it was requifite to 


have the exact meafure of our globe. In 


this he was led aftray, for from wrong 
meafures the geographers of that time 
were taught to reckon but fixty miles toa 
degree, whereas they fhould have reckon- 
ed feventy ; thefe erroneous calculations 
therefore, were found by Newton utterly 
repugnant to his fy{tem, and he was wil- 
ling. to abandon his theory for a while, 


_ rather than force nature to conform to it, 


However, the true meafure of a degree 


‘being fome time after found out, Newton 


again refumed his calculations, and found 
them all agreeing with the utmoft exact- 
H 3 nefs 
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nefs to the appearances of nature. The 
moon is fixty femi-diameters of the earth 
diftant from us; now it 1s known by 
computation, that if the moon fell per- 
pendicularly towards the earth, inftead 
of being pufhed round in a/circle, it 
would at its prefent diftance begin to fall 
at the rate of fixteen feet and an half ina 
minute. But in going through this f{pace, 
it moves nearly thirty times flower than 
a body falling at the furface of the earth 
is found to do, which moves fixteen feet 
and an half in a fecond. The moon, 
thercfore, falling at its prefent diftance, 
and the body falling at the furface of the 
earth, fall by the fame law, for the 
fquare of the moon’s diftance will be 
found exaétly in proportion to the dimi- 
nifhed force of its attraction. If the ftone, 
which falls fo {wiftly at the earth’s furface, 
were carried up as high as the moon, it 
would take half a minute in falling fix- 
teen feet and an half, as the moon 1s now 
found to do. 


THIS 
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“Tuts law of attraction which prevails 
between the earth and the moon, may be 
extended to all the other plancts, and it 
will be found to explain their motions 
with equal precifion. We fhall find that 

the attendant planets are attracted to- 


wards their primary planets, and that 


they, earth and all are attracted towards 
the fun by a force increafing as the dif- 
tance {quared decreafes. 


BuT it will be faid, that we talk of 
the moon’s being attracted or drawn 
towards the earth, and the planets to- 
wards the fun, when in fact they only 
move roundthem incircles. Ifthe earth _ 
orthe fun, it may be afked, attract the 
celeftial bodies towards themfelves, why 
do they not fall upon their furfaces, as 


we fee heavy bodies fall to the furface of 


the earth? To anfwer this, we muft ob- 
ferve, that the great Creator of all things, 
when he firft formed the univerfe, per- 
mitted all bodies that compofe our fyftem 
to be actuated by two different powers. 

H 4 One, 
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One, that inert force in matter, by 
which, when once moved, it would con- 
tinue to go on in a ftraight line for ever, 
if not turned out of its way by fome 
obftacle; the other, this power of attrac- 
tion, by which every body tends towards 
fome other. Now then, let us for a 
moment imagine that in the forming our 
fyftem, the fun was firft made and placed 
in the center; after this, let us fuppofe 
that the mighty Architedét took this ball 
of earth and pufhed it from him in a 
_ right-lined direGtion. It is obvious, that 
by its own inert force it would go 
ever ftraight forward into endlefs fpace, 
if nothing hindered ; but while its im- 
preffed force drives it forward, the attrac- 
tion it feels from the fun draws it with 
an equal degree of force inwards; and 
between thofe two oppofite forces it is 
found to go wholly in neither, but as a 
{tone whirled by a fling it defcribes a 
circle round the fun. That force by 
which a body endeavours to recede 
from the center of its motion, is called 

the 
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the centrifugal force, that by which 
it tends towards the center is called 
the centripetal force; they both go by 
one common appellation, namely, that 
of central forces, which, if we would. 
have a more precife idea of the manner 
in which the planets revolve about 
the fun, mutt be examined more mi- 


putely. 
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CHAP. VI. 


Of Central Forces, as far as they tend 
to explain the Univerfal Syftem. 


E have often had occafion to in- 
culcate, that matter is of itfelf 
entirely paflive, incapable of moving 
itfelf, or topping its own motion; a ball 
thrown by, the hand would continue to go 
on for ever, did not the force of attraction, 
or the refiftance of the air, at laft deftroy 
the motion it received from the flinger’s 
arm. Matter, in fhort, follows whatever 
direction is impreffcd upon it, and is af- 
feted by every impulfe in its way. As 
it is incapable of moving itfclf, fo it is 
incapable of changing the direction of its 
own motion, that 1s, it muft move forward 
in a ftraight line in the direction it firft 
received. If then at any time we fee a 
body moving ina circle, or any curve 
whatever, we conclude that it mutt 
be acted upon by two powers at leaft, 
one to put it into motion, and the other 
to 
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to draw it out of its rectilinear direction, 


in which it would have moved on for ever. 
Let us therefore confider the direétion 
a moving body will receive, that is put 
into motion by two powers at the fame 


time. Suppofe, for inftance, a boat 


(fee fig. 6.) is drawn up the ftream of a 


river, by two men on oppofite banks 


and with equal force on both fides ; it is” 
evident it would follow the direction of 
neither entirely, but go in a line be- 


tween both, exaétly in the middle of the 


{tream. 


To carry this yet farther, fuppofe 
a fhip at A (fee fig. 7.) driven by the 
wind, in the direction of the line AB, 
with fuch a force as would carry it to B in 
a minute. Then fuppofe a-current driving 
this fhip, at the fame time, in the direc- 
tion A D, with an equal force. Ly thefe 
two forces adling together at right an- 
gles, the fhip will go in neither direction, 


but defcribe the longer line AEC, 


running from. corner to corner in a 


minute; 
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minute; or in other words, it will defcribe 
the diagonal of a fquare. 


Ir thefe equal forces, inflead of acting 
upon the body A (fig. 8.) at right anglcs, 
act in more confpiring directions, one 
having a tendency to drive it through the 
fpace AB, at the fame time that the 
other has a tendency to move it through 
an equal {pace AD, it will then defcribe 


the diagonal AGC, in the fame time 


that either of the fingle forces would 
have caufed it to defcribe its refpedctive 
fide; and this, it muft be obferved, is a 
greater {pace than if the forces had acted 
upon it at right angles. Univerfally there- 
fore, the more confpiring the united forces 
that drive a body forward are, the greater 
{pace the moving body will defcribe, 


IN a manner fimilar to this, bodics 
revolving round a center, are attracted by 
two powers. Ifa leaden bullet, fixed to 
the end of a ftring, be fufpended upon a 
pin, and then receive a blow from a 
battledore or other inftrument, it will 

thereby 
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thereby defcribe a circle about the central 
pin, and while its circular motion con- 
tinues, it will endeavour to fly off from 


the center; and in fact, if the ftring’ 


which holds it to the pin, happened to 
break, we fhould fee the bullet fly off, 
and hit the wall, cieling, or fome other 


part of the room; but it is held by the 
_ ftring, with a force equal to that by 


which it is drawn away; thefe forces, I 
fay, are equal, for if one prevailed, the 
body would circulate no longer. Now the 
primary pufh, if I may fo call it, which 
a planet has firft received, refembles the 
blow given to the bullet; while the 
attraction, which draws it to the fun, 
the center of its motion, may be com- 
pared to the ftring. | 


Now let us find out the manner of com- 
paring the forces of two planets revolving 
in circles, and this will lead us to greater 
precifion. As the planct, by the two 
forces, revolves in a circle, and as all 
motion is naturally rectilinear, as we 
proved above, we mutt confider the cir- 


cle, 


- 
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cle, thus defcribed, as a fucceffion of right 
lines infinitely little; and fuch, in fad, 
are all the circles that we find in nature. 
Now the body which thus moves ina 
fucceffion of right lines, would continue 
to go on in one of them, as in (fig. 9.) 
ABCD, if not continually forced down 
by the power which draws it to the 
center D. Inftead, therefore, of a circle, 
let us fuppofe the body to move in a 
polygon, or a figure compofed of a 
number of angles, which obftruct its 
motion as it revolves. Now it is evident, 
that the force with which the body moves 
along one of thofe fmall right lines, will 
be great in proportion as the quantity of 
matter it contains, and the fwiftnefs with 
which it moves are great. And it is alfo 
evident, that the angular obftructions its 


force furmounts ina certain time, will be - 


numerous, in proportion as its fwiftneds is 
great, and the circle, in which it moves, 
is fmall. In general, therefore, the 
body’s central force will be great in pro- 
portion to its quantity of matter, to its 


{wift- 
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fwiftnefs, or to the quantity of ancles 
furmounted in a certain time, and to 
the f{mallnefs of the circle in which 
it moves. In other words, we may 
eftimate the central force of any bedy, 
by multiplying the quantity of matter, 
by the fwiftnefs multiplied by it- 
felf, and by dividing the produc by 
the femi-diameter of the circle de- 
fcribed. 


To illuftrate this by an example: fup- 
pofe I want to compare the central forces 
of two bodies of different magnitudes, 
different velocitics, and moving inunecual 
circles. The firft body weighs 2, has 
{wiftnefs as 2, and moves in a circle, 
the femi-diameter of which is 2. The 
fecond body weighs 3, with a fwiftnels 
equal to 3, withafemi-diameter of 3. I 
take the fwiftnefs of the firft body, and 
multiply it by itfelf thus, twice two is 
four. Then I multiply this by the - 
weight 2, and the produce is 8, this I 
divide by the femi-diameter 2, which 

gives 
‘2 
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gives 4. What has been done to the 


firft body muft be done to the fecond, and 
the refult will be g, and as 4 is to g, the 
central force of one body will be to 
the central force of the other. _ 


Tus being underftood, if we apply this 
rule carefully we fhall find, 1. that if two 
bodies of equal weight defcribe unequal 
circles in equal times, the central force 
will be greateft in that which defcribes a 
circle of the greateft diameter; and of 
confequence, if the central forces of two 
bodies, which defcribe unequal circles, are 
in proportion to their diameters, the two 
bodies will revolve in equal times. 


2. IF two bodies defcribe unequal cir- 
cles, their central forces will be dire@ly 
as the fquares of the velocities, and in- 
verfely as their diameters. From whence 
it follows, that if the velocities are equal, 
then the central forces will be inverfely 
as the diameters alone; but if the dia- 
meters are equal, and the velocities un- 

I equal, 
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equal, the central forces will be as the 
{quares of the velocities alone. And if 
the central forces of two bodies, which 
move in unequal circles, are equal,. their . 
diameters will then be as the fquares of. 
the velocities. 


3. Ir two bodies moving in unequal 
circles have equal central forces, the time 
employed in defcribing the greateft circle, 
will be to the time employed in des 
{cribing the leaft, in the fame proportion 
as the cube of the greateft diameter, is to 
the cube of the lefs. But if the reader 
confiders, he will find in this cafe the 
times and the velocities the fame; but 
we obferved before, that the diameters are 
as the {fquares of the velocities, therefore 
the diameters here are as the f{quares of 
the times. ~ 


From hence it follows, that in com- 
paring the motions of the planets, and 
their diftances from the center of their 
motions, this law has been eftablifhed, 

Vor. I. I That 
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That the fquares of the periodical revolu- 
tions of two planets, are as the cubes 
of their diftances from the center, round 
which they move. 


Tuts law is of infinite ufe to aftrono- 
mers; for if they know the periodical 
time, that is, the time of the circular 
revolution, of two planets, and the dif- 
tance of one of them from the center, 
they can by this find out the diftance of the 
other, which before was not known. For 
inftance, we know the periodical time of 
the moon to be 27 days, anid the peri~- 
odical time of the earth to be 365 days. 
The diftance of the moon from the center 
of its motion we alfo know to be 60 
femi-diameters of the earth. Now I defire 
to know the diftance of the earth from the 
center of its motion, namely, the fun? 
I know by my rule, that the proportion of — 
the fquares of the periodical times, will 
give the proportion of the cubes of the 
diftances. Then I find out the fquares 
of the periodical times of the two planets. 

| The 
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The periodical time of the moon is 24, 
and the fquare of that number 729; 
the periodical time of the earth is 365, 
and the fquare 133225. Then I find the 
diftance of the planet, already known, 
60, and cube it, which makes 216000, 
Now by a rule in arithmetic, I find outa 
certain number which will bear the fame . 
proportion to this, that the fquares 729, 
and 133225 bear to each other; that 
proportional number is 39460356, and 
the cube root of this laft number, which 
is 340, will exprefs the diftance of the 
fun from the earth, which was what I 
wanted to know, fo that the earth is 
diftant from the fun,. 340 of its own 
{emi-diameters. 


Tuts law, of fuch great benefit in 
aftronomy, was found out by Kepler, 
but far from being able to give the caufe 
of it, which the reader has already feen ; 
as we have taken it from Newton and 
the Marquis de /’Hopital. Kepler fuppofed 
that the fun was poffeffed of a kind of 
| | Ia veges 
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vegetating fou:, and that turning round 
itfelf it attracted the piancts, and 
that the planets would aQually fall 
upon its furface, but that by turning 
upon their own centers, (2s we ive a 
top) they by this means refifted the fun’s 
attracting power., _ 


THE laws we have hitherto laid down 
f{uppofe that all the planets move in cir- 
cles; but in truth this is not the cafe, for 
while they are attracted by the bodies 
refpectively in their centers, at the fame 
time they are in a lefler proportion at- 
tracted by each other. For this reafon 
they do not move in circular orbits, but 
in fuch as are elliptical, of the figure A in 
the plate, the diameter of which is 
greater one way than another. (Fig. 10.) 


By this we fee, that though the uni- 
verfe may be refembled to a nice ma- 
chine, in which all parts are wifely 
adjufted, yet the conftant and paternal 
infpection of the great Architect is ever 

requifite, 
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requifite, his regulating hand is always 
over all his works, ahd fhould he leave 
them but for a time, their order and re- 
gularity would be at an end. The 
planets would neceffarily difturb each 
others motions, and when feveral of 
them came to the fame quarter of the 


, heavens, they would attract the fun with 


united influence, and perhaps at once 
deftroy the common regulator of their 
motions. In this manner the uniformity 
of nature would be deftroyed, and as it 
could never repair its own breaches, the 
whole fyftem would run into endlefs 
confufion. Of this difturbance we hada 
remarkable inftance in the comet which 
lately appeared; which, in receding from 
the fun, went fo near the planet Fupiter, 
as to be greatly affected by its attraction. 
But a folicitude for the difarrangement of 


_ the univerfe, belongs only to him who is 


above all concern. 
, 
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CHAP. IX. 


Of the F igure of the Earth, and the 
different Weights of Bodics upon its 
Surfac €, . 


XPERIMENTAL Philofophy is 

not, at firft fight, fo pleafing as 
that amufing fcience which is formed 
upon conjecture ; but it improves as it 
proceeds, and the mind, by firft more 
painfully meafuring the effects of bodies 
upon each other, at laft comes to arrive 
at the caufes. We have feen how by 


~means of the attraction of bodies upon 


each other, all nature feems to put on 
uniformity ; but this power makes the 
heavenly bodies not only move in circles 
round a diftant center, but alfo regulates 
the motion of the earth upon itfelf. For 
the earth, moon, and planets have twa 
motions, as we fee fometimes when boys . 
are whipping atop, which, while it is {pin- 
ning upon itfelf, is at the fame time go- 


‘ing round a circle chalked on the floor, 
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THis motion which the earth has 
upon itfelf, is that which caufes day and 
night, as either fide is turned toward, or 
from the fun. Now while the earth is 
thus whirling round, that part upon its 
furface will have the. greateft {wiftnefs, 
which is moft diftant from its center of 
motion. As for example, a body placed 
upon the circumference of a chariot 
wheel, while. it is turning, will have 
twenty times the motion of a body placed 
upon the nave. A body, if placed upon 
the equator of the earth, is like this body 
at the circumference of the wheel, while 
another at either of the poles, is like one 
placed upon the nave. Now this body 
placed at the equator, itis evident, would 
fly off, by reafon of the earth’s centrifugal 
force, with great velocity, were it not held 
to the earth by the infinitely ftronger 
power of attraction. However, though it 
ftill holds to the earth by its gravity, yet 
by its centrifugal force, it in fact lofes a 
part of its tendency to the earth, and is 
diminifhed therefore in a part of its 

14 weight, 
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weight. Thus if weighed at the equator, 
a body is fenfibly lighter than the fame 
when weighed at either of the poles, and 
this has often been nieafured, by the means 
of pendulums, in a method which hall 
hereafter be feen. Let it fuffice here to 
obferve, that a body, which at Paris. 
would weigh two hundred and twenty 
pounds, would at the equator only weigh 
two hundred and nineteen, , 


Sucu is the difference of gravity on 
different parts of our globe; from whence 
it appears, that bodies placed at the 
equator, have a greater tendency to fly 
off from the furface of the earth, than 
fuch as are placed at either of the poles, 
Now, if inftead of bodies flying off at 
the furface of the earth, we fhould fup- 
pofe the parts of the earth itfelf were 
moveable among each other, and the 
whole, for inftance, compofed of a great. 
heap of running fand; then it is obvious, 
thet while the earth turned round its axis, 
ber parts would attempt moft to fly off 

where 
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where the motion was greateft; it would 
{well under the equator, for the greateft 
quantity of materials would run to 
that part. | 


W Har is faid here of the earth’s fwel- 
ling at the equator, is actually found to 
be true; for though we often call it a 
globe, yet it is by no means perfe@lly 
round, but widened out at the equator, 
and flatted dt both poles, like a turnip ; 
or, if the learner is fonder of a hard 
name, its figure may be called an oblate 
fpheroid. Aftronomers and natural phi- 
lofophers had long been of a different 
opinion with regard to the figure of the 
earth; the French and Itahan geogra- 
phers univerfally confidered it as a fphe- 
riod’ rather lengthened than flatted, 
rather like an egg, than the figure men- 
tioned before. Huygens and Newton 
however, perfifted in affirming the con-~ 
trary. The difpute continued long, but 
was at length determined, highly to the 
honour of the latter; feveral members 


of 
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of the academy of fciences having been 
fent, in 1735; to the polar circle, and 
others to Quito, for the purpofes of de- 
termining the figure of the earth; they 
concurred in affirming with Newton, that 
the earth was flatted at the poles. Nor 
was this a {mall conqueft gained in fa~ 
vour of the Exgi/h philofopher’s fyftem. 
For it muft be obferved, that if the earth’s 
figure were proved not to be flat, a part 
of his doétrine of gravity would be falfe. 


For it feems the earth has yet another © 


motion; its poles are found to point 
flowly, to different parts of the heavens, 
in a feries of years, like a top going to 


fall, which while it {pins round itfelf, 


nods alfo, witha fort of circular motion. 
Of this nutation of the poles, which it 
is not our bufinefs here to examine, he 
had fhewed that gravity muft be the 
caufe, provided the earth were flat, which 
he believed it was. 


Bur though the earth is allowed by 
the generality of modern philofophers ta 
3 _ = 
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pe an oblate {pheroid, yet fome latter ob- 
fervations have induced many of them, 
and thofe among the foremoft, to think 
it of a more irregular figure, Of this 
‘ppinion, we find Buffon, Condamine, 
Maupertuis, and Bofcovich. The prin- 
cipal reafon upon which this opinion is 
founded, is, that a degree juft meafured 
on the merjdian of the globe in Italy, | 
by Bofcovich, was found to differ from 
that meafured in France in the fame lati- 
tude, 70 French toifes. Could we be 
certain that the admeafurements of thefe 
two different meridians were made 
without error, this would, undoubtedly, 
be a demonftrative proof of the irregu- 
Jarity of the earth’s figure. But an error 
of two feconds will produce the difference 
now complained of ; and where is the ob~ 
fervator that can anfwer for two feconds? 
The opinion therefore, of the earth’s ob~ 
late figure ftill remains uppermoft, yet not 
with fuch entire conviction, as before this 
Jaft admeafurement was made. 
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CHAP. X. 


Y the Defcent of Bodies to the Surface 
of the Earth. 


HUS far we have {hewn the ge- 


neral caufe why bodies fall to the 
earth, and proved that the force of gra- 
_ vity which draws them down becomes 
lefs, as the diftance, when fquared, be- 
comes greater: That a body, which at 
one femi-diameter of the earth, weighs 
one pound, will have four times lefs 
weight at two femi-diameters, and nine 


times lefs at three. .This difference in 


weight, we faid, might be fenfible at 


great diftances, but not at any diftance | 


we can remove from the earth’s furface ; 
for though we could remove a mile above 
the earth, and weigh a body there, yet 
this encreafed diftance would take but 
little from its gravity, for a body on the 
furface of the earth, is already removed 
four thoufand miles from the center of 
the earth, by which it is attracted ; and 

removing 


Experimental Philofopby. 125 
removing it one mile more will be but 
making a decreafe of one mile’s attraGtion 
from four thoufand, a difference too mi- 
nute for fenfe to difcern. This decreafe 
of gravity, therefore, as we remove from 
the earth, is only an object of the imagi- — 
nation, or if we have any fenfible proofs, 
they are obtained by meafuring the hea- 
venly bodies around us. 


It fuffices us therefore to know that 
bodies, though to fenfe they have not more 
gravity in the loweft pit than upon the 
higheft mountain, in general fall by that 
power. But the caufe why bodies fall 
with greater force as they fall from 
higher places, which we fhall now fee to 
be another law of falling bodies, is 
founded upon quite other principles, 
difcovered long before the ee: of 
gravity was thought of. 


THE moft unlettered ruftic is fenfible, 
that the fall of a ftone is to be dreaded 
in proportion to the height from whence . 

| it 
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it defcends ; that if it falls from a plaée 
a foot above his head, it is not fo likely 
to be fatal, as if it fell from the houfe-top, 
From this it is obvious, that the body 
thus falling, acquires new f{wiftnefs the 
longer it falls; and in fa, it has been 
_ found by trial, that a leaden bullet, let 
fall from the top of the fteeple in We/t- 
minfter Abby, acquired fuch velocity to- 
wards the end of the fall, that it pierced 
through a deal board that was = 
beneath. 


THe exaé quantity of fwiftnefs, which 

a body thus falling acquires, was firft de- 
monftrated by Ga/ileo, and his experi« 
ments confirmed by Grimaldi and Ricciolt, 
who, by letting heavy bodies fall from 
high towers, and then by computing the 
time in which they fell, and the heights 
of the towers they fell from, deterthined 
the quantity of fwiftnefs gained in every 
inftant of the fall. In determining thefe 
laws however, they fuppofe that the bo- 
dies were free from that refiftance in 
their 
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their fall, which they receive from the 
air through which they move, and which 
refifts the falling body with greater force, 
the quicker the body defcends; as when 
walking we feel the wind ftronger when 
we go faft than when we move flow. 


Burt though, as was faid, this fwift- 
nefs, which. defcending bodies acquire, 
is obvious to'common experience; the 
exact quantity, thus acquired, is not fo 
eafy to be determined. In order to find 
this out, we muft confider that as a body 
defcends, the power of gravity is con- 
ftantly and uniformly increafing its fwift- 
nefs; the impreffion gravity gives it in 
the firft inftant of its fall, would alone © 
be fufficient to make it defcend, though 
it received no new impreffion; (as a 
ftone, imprefled by the hand, moves ftill 
forward, after the moving caufe ceafes . 
to act) but gravity ftill operates upon it, 
and a. new impreffion is added in the 
fecond inftant of the fall, which confpires 
‘with the firft impreffion, and doubles it ; 

- & and 
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and in the third inftant, the body goes 
on with the double impreffion, and re- 
ceives alfo a new one which triples it; 
fo that we may fuppofe every body fall- 
ing, to receive a new imprefflion every 
moment of the fall, and that the velocity 
increafes as the moments increafe. 


Now then lIct us imagine a bullet 
dropped from the.tower of Wefliminfter 
Abby, and that in the time of one fecond 
it falls the fpace of one pole (fixteen 


feet and an half,) its velocity is ftill in- 


creafing ; at the end of this fall it will 
have acquired as much {wiftnefs as in the 
next fecond would have carried it two 
poles, or double the former, although 
no new impreflion from gravity were 
added; but. a new impreflion being 
added,-will make it fall through three 
poles. As the velocity is increafed to- 
wards the end of every fall, in the 
beginning of the third fecond, it will 
have acquired as much velocity as would 
have carried it through four poles, and 

the 
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the uniform impreffion from gravity 
being added, will make the body fall 
through a fpace of five poles. At the 
beginning of the fourth fecond, it will 
have acquired as much velocity as would 
have carried it through a {pace of fix 
poles, and one, which is the uniform im= 
preffion, being added, will make the body 
fall through a {pace of feven poles. At 
the beginning of the fifth fecond, it will 
have as much velocity as would have 
carried it through eight poles, and the 
new impreffion being added, will make 
it fall through nine poles. Thus in the 
firft fecond, it will fall through 1 pole, 
in the next 3, in the third 5, in the 
fourth 7, in the fifth g poles.’ All thefe 
being added together, make 25 poles, 
or 300 feet; fo that if the tower be 300 
feet high, the bullet will fall from its 
top, in about five feconds. And the velo- 
city it will have acquired in the laft fe- 
cond of the fall, will be five times 
greater than that which it had in the firft. 
Thus the velocitics, like the times, in 
Vou. I, K | creafe 
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creafe uniformly, 1, 2; 3, 4, 5, but the 
fpaces, through which the body falls, 
taken feparately and in order, increafe by 
odd numbers, 15 33 53 7» Qs 8x. 


To prove all this by experiment: AB, 
and CD, (fig. 11.) aré cords made of the 
beft catgut about twelve feet long, 
tightly extended, parallel to each other, 
at fome inches diftance, and r-king an 
angle of about 22 $ with the furface of 
the earth. G is a weight which flides 


very freely, by means of two pulleys; 


along the cord AB, and its weight is 
fo contrived to fall below, that.its upper 
part always retains the fame fituation. 
H is a pendulum of a moderate weight 


‘which moves upon two pivots 4 a, and 


its rod is lengthened a little towards f 
The length of the pendulum ought to 
be fuch as to vibrate once, while the 
weicht G, runs through the ninth part 
of the cord AB. To meafure this exactly, 
the cord fhould be carefully marked out 
into nine equal parts, and upon the other 

parallel 
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parallel cord, and juft oppofite the firft 
mark, is to be fixed the little bell K, 
which, by means of a fcrew, can be placed 
at any part of the cord at pleafure; this 
muft alfo have a little clapper, which 
the weight G, as it runs down its own 
cord, may ftrike againft: On the other 
hand; the pendulum H alfo ftrikes a bell 
of a different tonié, arid the tail of the 
pendulum rod that is lengthened to /; 
tuts as it paffes a {mall filk thread, that 
holds the weight G from fliding. In this 


_imanner the whole being well adjufted; 


the weight G no fooner begins to move, 
than the-pendilum ftrikes its bell I for 
the firft time, while the other bell K 
gives its found, juft as thi bell I gives 
its fecond alarm. Thus between the 
firft and fecond found of the bell I, there 
intervenes a time, of which we have the 
exact meafure, and alfo we have a mea- 
fure for the {pace the weight flides. We 
then {crew the bell K to that place of the 
cord wheretheweight G fhall make the fe- 
eond found of the bell K, anfwer the third 

K 2 of 
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of the bell I, and thus of the reft; fo that 
we may thus meafure the fpaces run 
through, with the times of the defcent. 
It will by this appear, that during the 
firft vibration of the pendulum, the 
weight G fhall run over a ninth part of 
the cord; if it continucs to move for- 
ward during the fecond vibration, it 
will arrive at 3, and in the third vibra- 
tion at 5, in the fourth at 7, in the 
fifth at g; fo that the fpaces taken 
feparately, go on increafing by odd 
numbers. 


By thefe means, if a body is let fall 
from a tower, and if we know the time 
of its falling, we are enabled to tell what 
velocity it has acquired in every moment 
of its defcent, what fpace it has run 
through in each part of time taken fepa- 
rately, and how much thefe {paces make 
when added together; or in other words, 
how high the tower is, from whence the 


bedy falls. 
YET 


{~ 
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YET this height may be eftimated 
by an eafier method. For it is plain that 
the longer the time the body has taken to 
fall, and the greater the velocity with 
which it moves, the greater muft be the 
height from which it falls: now then we 
may multiply the time of the fall by the 
velocity, and the produ& will give us the 
height or {pace through which the body 
has fallen. Thus if the time a bullet 
has taken to fall from the top of We/?- 
minfter tower be 5 feconds, and the velo- 
city it has acquired (which is always in- 
creafing as the time) be 5 times greater 
than in the beginning, if the bullet fell 1 
pole in 1 fecond, (which all bodies by the 
force of gravity nearly do) then at 
the end of 5 feconds, it would have 
fallen § multiplied by 5, that is 25 
poles, or 300 fect, the height of the 
towcr. 


Ir was faid that ‘the times and the 
velocities are always equal: as that is the 
cafe, it will be more expeditious ftill, to 

K 3 mul- 
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multiply the time of the bullet’s fall, by 
the time itfelf, that is, {quare its number, 
and the produ&t will give the fpace 
through which the bullet has fallen, ag 
exactly as if the time were multiplied by 
the velocity. We may therefore con- 
clude univerfally, that the whole of the 
{paces defcribed by a falling body, is ag 
the fquares of the times, or the fquare of 
the velocities, it 1s indifferent which. 


Let us only add one pofition more 
on this difficult fubje€t, and we have 
done with its intricacies. From all that 
bas been faid, it will follow, that t4e 
velocity acquired by an uniformly accelen 
rated body at the end of the fall is fuch, 
as sf it continued.to move forward with 
that velocity, without any new acceleration, 
st would, 1n an equal time, move through a 
[pace double that of the fall, ¥or the 
fpace it would defcribe, fuppofing it 
went on with an accelerated motion, 
would be, as we proved before, as the 
times multiplied by the velocities; fo 

| that 
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that by this it would have moved through 
three times as much {pace at the end of 
its continued motion, as it did at the end 
of the fall. But in the prefent cafe, 
though the time increafes, the velocity 
does not increafe, fo that we are to mul- 
tiply the whole time of the body’s mo- 
tion, by that part of the velocity only, 
which it had at the end of the fall, and 
the product will be the {pace defcribed 
by the unaccelerated motion continued 
after the fall, and it will be found juft 
double the fpace defcribed in the fall. 


As the motion of bodies falling from 

a ftate of reft, is uniformly accelerated, 
fo likewife the motion of bodies thrown 
upward is uniformly retarded; for the 
fame force of gravity which confpires 
with the motion of defcending bodies, 
acts in dire& oppofition to fuch as afcend, 
retarding thofe that rife, as much as it 
accelerates thofe that fall. If therefore, 
I fhould defire to throw a bullet up to the 
top of the tower in Weftminfler, I muft 
give it as much velocity with my hand to 
K 4 make 


136 A Survey of 


make it rife, as it would acquire by the 
force of gravity if it fell from that height. 
The action of gravity is conflant and 
uniform, and in whatever time it gene- 
rates any velocity in a falling body, in 
the fame time muft it deftroy that velocity 
ina rifing body. 


THESE are the celebrated difcoveries 
of Huygens, and have been employed to 
very ufeful purpofes, in feveral of the 
practical parts of mechanifm. They 
ferve alfo to explain many of the phz- 
nomena of meteors. A hailftone falling 
from the clouds, if uninterrupted in 
its defcent, would ftrike-us with more 
than the force of fwan fhot froma gun. 
But in proportion as the rapidity of its 
defeent is increafed, the rcfiftance it 
meets with from the air is increafed 
allo; fo that at laft, the acquired ve- 
locity and the increafed refiftance come 
to act with equal power; after which, 
the defcending body can fall no fafter, 
but continues the fame uniform pro- 
grefs till in comes to the ground. 


, 
—.e 7 |» ae oe 2 atte Erk ee ee ee eee opera Pa ee 


=~ 


Baka at = we . 


a - 7 = “ai - 


Experimental Philofophy. 137 


CHAP. XI 


Of Bodies defcending down inclined Planes, 
and of Pendulums. 


AVING explained the defcent of 

bodies falling freely by the force 
of gravity, it will be eafy to eftimate the 
force with which they will defcend down 
an inclined plane, (fig. 12.) in which the 
direction of the fall is altered, but the 
abfolute weight remains the fame. 


Wen a body is withheld from obey- 
ing the impulle of gravity which always 
acts upon it, it is evident that it is 
prevented by fome obftacle which refifts 
its natural tendency to defcend. For all 
bodies endeavour to fall by the fhorteft 


. courfe, that is to fay, perpendicularly to 


the carth. When bodies therefore fall 
down inchned planes, we. muft regard 
them as obeying the ufual laws of gra- 
vity, as defcending with an uniformly 
accelerated motion, but acted upon by 

I . new 
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new forces, only taking up fo much 
more time to defeend, as the fpace is 
lengthened, over which they are obliged 
to fall. . The more the fpace is in- 
creafed, that 1s, the longer the inclined 
plane is, the more time will the body 
take in travelling it down. Thus fup- 
pofe the inclined plane to be twice as 
Jong as its perpendicular height, then 
the body will be twice as long in falling, 
as it would if it fell from its top per- 
pendicularly. 


To thew this by an experiment; let 
us difpofe the cords of (fig. 13.) in fuch 
a manner, as that they fhall form an in- 
clined plane AB, which is twice as long 
as it is high, and then let the pendulum 
be fo adjufted, that while an ivory ball is 
falling from A to P, it may make one 
vibration. If the weight G begins to 
flide the fame inftant the ball is let to 
fall perpendicularly, it will not arrive at 
B till the end of the fecond vibration, 
which fhews that the time of its defcent 

1s 
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$s to that of the ivory ball, as the length 
of the inclined plane is to its height; 
and if the inclined plane were three 
times as Jong, its fall would be thrice as 
flow. _ 


As the time of a body’s fall is thus 
lengthened, ia moving down an inclined 
plane, fo alfo will its velocity be dimi- 
nifhed; for that quantity of force which 
the body has received from gravity to 
make it fall a certain perpendicular 
height, is here employed in making it 
defcribe a fpace, which, by the experi- 
ment, is twice the length of the perpen- 
dicular; therefore the body will move 
but with half the force that it would . 
down the perpendicular, and confe- 
quently, with but half the velocity. 
As the time of a body’s fall is thus 
lengthened in proportion to the inclina- 
tion of the plane, we muft now go on to 
obferve, that a body will take as much time 
in falling obliquely down the fhort cord 
of a circle MN, as it would in falling 

lefs 
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lefs obliquely down the longer cord ML, 
or in falling perpendicularly through the 
diameter MP. I repeat it, that a body 
will take as much time to fall down the 
fhorter cord of a circle, as the longeft. 
For bodies falling down the cord of a 
circle, may be confidered as moving 
down inclined planes, as AB, AC; but 
all bodies moving down an inclined plane 
are, as we obferved, actuated by two 
forces; and all bodies thus actuated, 
move in the diagonal of a fquare or 
parallelogram. But all the diagonals thus 
defcribed, by the united action of two 
forces, are always performed in equal 
times, and therefore all the cords of a 
circle are fo too. Thus for - inftance, 
the body takes no longer time in moving 
down the cord AB than it does down 
the cord AC, for both are diagonals de- 
{cribed by two forces that continue the 
fame. 


BuT though velocity is diminifh- 
ed down an inclined plane, yet if 
two 


Experimental Phiiofophy. 141 
two bodies fall from equal heights, the 
one perpendicularly, the other down the 
moft inclined plane whatfoever, the ve- 
locity acquired at the end of the fall in 
both will be the fame. For as gravity is 
the fame in both, and is alike uniformly 
accelerated in either, all the increments 
of velocity either body receives during 
the fall, will be fummed up in each at the 
end; but thofe increments are equal, as 
they are produced by the fame caufe, 
which is gravity, and therefore the velo- 
cities at the end will be equal. 


_ Ir, inftead of one inclined plane, we 

fhould fuppofe feveral united (fig. 14.) 
and the body moving down them one 
after the other, its velocity, at the 
end of the laft plane, will be as great as 
it would if it fell perpendicularly from 
the top of the higheft plane. For the 
velocity the body acquires at the bottom 
of each of thefe planes fingly, is in pro- 
portion to its refpective height, and con- 
icquently the fum of the velocities of all 
| taken 
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taken together, is in proportion to thé 
fum of all their heights. 


Now if, inftead of feveral inclined 
planes thus united, we fhould fuppofé 
the body moving in the curve of a circle, 
from A to B (fig. 15.) as all curves may 
' be looked upon as a number of planes 
inclining one to another, the velocity 2 
body acquires at the end of the defcent, 
is equal to the velocity which would be 
acquired by falling down the perpen- 
dicular height. 


In fhort, whatever motion bodies fall- 
ing freely are found to have, it is 
lengthened, but not diminifhed, down 
inclining planes. If the force, which a 
body acquires by falling, is fufficient to 
carry it up again to the fame height from 
whence it fell in one cafe, fo will it be in 
the other. Thus the body D, in rolling 
down the inclined plane AB (fig. 16.) 
will acquire fuch a velocity upon arriving 
at B, as will carry it up the inclined 
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plane BC almoft to C, and would carry 
it quite up, if the body and plane were 
perfectly {mooth, and the air gave no re-~ 
fiftance. And likewife the velocity of a 
body falling down the curve of any circle, 
(fig. 17.) as from C to A, will make it 
rife from A to D; and univerfally, in 
whatever direction a body falls, it will, 
if unreftrained, rife to the fame heights 
from whence it fell. 


FRom hence we may therefore lay it 
down, that if, by any contrivance, a 
body is made to defcend through the arch 
of a circle, as from C and A, (fig. 18.) 
and with the velocity acquired by the 
defcent, to afcend along the arch A D of 
the fame circle; the arch AD which it 
defcribes in its afcent,. will be equal to 
the arch CA defcribed in the defcent, 
and the times in which thofe arches are 
defcribed will be equal; and this is the 
cafe of the pendulum, which is an heavy 
body, as A, hanging by a fmall cord 
or wire B A, and moveable about the 

point 


.* 
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point B; the weight being raifed as 
high as C and thence let fall, it defcends 
by its own gravity to A, and then afcends 
by its acquired velocity to D, where, 
lofing all velocity, it will be turned back 
by its gravity, and defcending through 
the arch DA will, upon its arrival at 
A, acquire the fame velocity as before, 
witn which it will afcend to C; and thus 
it will continue, and if uninterrupted by: 
extcrnal obftacles, would for ever con- 
tinue a vibratory and equal motion. 

, 

THis 1s that well known inftrument in 
common ufe for meafuring of time, as 
nothing yet found out divides it into 
portions fo exactly equal; nor does the 
Inequality of the arches, it may be made 
to defcribe, make an inequality in the 
time of the vibration. For the vibrations 
of the fame pendulum are performed very 
nearly in equal times; let it {wing never 
fo violently, or move never fo feebly, 
yet it performs both in equal times. 


We have already proved that all the cords 
: of 
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of a circle are defcribed in equal times, 
and if the cords are thus defcribed, fo 
will {mall arches, which may be confi- 
dered as little differing from their refpec- 
tive cords. Thus if a body (fig. 19.) be 
as long atime falling down the dotted 
cord EA, as it is falling the longer 
dotted cord CA, fo will it be as long 


falling in the circle from E to A as it is 


from Cto A; the long and the fhort arch 
will be fallen through in the fame time, 
and they alfo rife on the oppofite fide to- 
wards D, inthe fame proportion. 


Tue difproportion in the length of 
two peridulums it is, which creates the 
great difference of time in their vibra- 
tions ; the longer the pendulum the flower 
are its vibrations. The cord of any pen- 
dulum is to be confidered as proportion- 
able to the diameter of a circle, which the 
weight at the end defcribes; therefore, 
if a body is let fall from the top of this 
diameter as B, (fig. 20.) and if it takes a 
fecond in falling, it will continue a fimilar . 

Vou. I. L time, 
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time, as we have fhewn, in half its vi- 
bration C A, and another fecond to com- 
pleat its vibration in rifing up to A D; 
now if we fhould lengthen the pendulum, 


we fhould lengthen the diameter of the, 


circle, and as confequently the bedy will 
be a longer time falling down a longer 
diameter than a fhort one, fo will it be a 
longer time in defcribing its refpective 
arches. 


As I know that the time of half a 
vibration is equal to that of a body fall- 
ing down the diameter of its refpective 
circle; if now I would defire to know, 
from what height an accelerated body 
would fall, during the time of one com- 
plete vibration, the folution is eafy. 
For as the two half vibrations are exactly 
equal, fuppofing in the firft half vibration 
the body fell a {pace of fixteen feet, in the 
fecond half vibration, if the body moved 
equally, it would defcribe a fpace exactly 
equal; but the {paces defcribed by fall- 
ing bodies are increafed by odd numbers, 
I; 
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i, 3, 5, and 7, fo that the body will 


defcribe 3 times fixteén, that is 48 feet, 
which addéd to 16, makes 64 feet, the 
whole time of the fall during one com- 
plete vibration: . 


Sucu are the moft important proper- 
ties of the pendulum, an inftrument 
which lias been converted to the moft 
ufeful purpofes, either in meafuring 
time, arid in fcientific affairs in giving 
its nicer divifions. By this inftrument 
alfo, we can meafure the diftance of a 
fhip, by meafuring the interval between 
the fire and the found of the gun; we 
tan alfo meafure the diftance of a cloud 
by numbering the feconds between the 
lightening and the thunder; but in both 
thefe laft cafes we muft know the exact 
time the found takes in travelling through 
a certain fpace, which we fhall hereafter 
explain. Galileo had no fooner found 
Out thefe properties in the pendulum, 
than he turned them to the advantage of 
philofophy ; by thofe he meafured, with 

L2 fome 
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fome exactnefe, his aftronomical obfer~ 
vations, and the pleafure thus refulting 
from their uve, in iome meafure, recom- 
penced the pain of inveftigating their 
properties. However, the pendulum 
he made ufe of could only meafure time, 
for he had no inftrument like our clock, 
which might fum up its vibrations. Ie 
was rather, in his hands, the inftrument 
of a philofopher, than a thing that could 
be rendered univerfally ufeful. 


WHAT was begun by Galileo was, 
in fome meafure, improved by the in- 
duftry of Huygens, a man who added 
the acuteft penetration to the moft indefa- 
tirable induitry. It was he, who made 
ufe of them in regulating the movement 
of clocks; and this happy combination 
has fince been univerfally adopted. To 
have an idca of the manner in which 
a pendulum regulates the motions of a 
clock, itis to be obferved, that all clocks 
are put into motion either by weights or 
{fprings: but the wheels, if guided by 

thefe 
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thefe alone, would never turn equably, 
therefore the pendulum has two palates, 
as they are called, which at equal inter- 
vals rife and fall, and let the teeth of the 
wheels pafs under them in equable 
-fucceffion, fo that the time is marked 
with great exactnefs. But this fuc- 
ceffion is, undoubtedly, the neareft an 
equality of any thing we yet know of; 
however, there are fome caufes which 
deftroy the regularity of the motion in 
all clocks. We faid, that all equal pen- 
dulums, vibrating in {mall arches, are 
performed in times nearly equal; howe 
ever, we muft now obferve, that thefe 
times are not entirely fo, for thofe which 
defcribe the greateft {pace, are longeft in 
performing it. This difference of ‘time 
indeed, is not immediately perceivable by 
the fenfes, and in fhort durations may be 
neglected; but in a fucceffion of vibrations _ 
{ummed up together, it may come toa 
confiderable amount. In fadt, it has 
been found by experience, that the beft 
regulated pendulum clocks, wherein the 
| L 3 greateft 
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greateft care has been taken to make the 
pendulums vibrate in equal arches, have 
notwithftanding varied in a courfe of 
time, fo as to ftand in need of a new re~ 
gulation. And jt 1s almoft impoffible to 
make the pendulum conftantly defcribe 
fimilar circular arches, and confequently 
to make its vibrations precifely equal; 
for if the wheels, on account of the 
thickening of the oil by frofty weather, 
or any other caufe, grow more fluggith, 
this will diminith alfo the fwing of the 
pendulum, and therefore the length of its 
arches, and confequently the portions of 
time that it is made to meafure, fo that 
the clock goes too faft. On the contrary, 
when the oil is thinned by heat, and the 
wheels thus grow more flippery, or from 
their conftant fri@ion become more 
fmooth, fo as more freely to obey to the 
moving power, the pendulum will of 
courfe be acted upon more forcibly, and 
caufed to vibrate in larger arches, by 
which means, the time of each {wing 18 
enlarged, and of courfe the clock goes too 
: flow. 
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flow. This fource of inequality did not 
efcape the penetration of Huygens: to re- 
medy thefe inconveniences, he thought of 
another method of adapting pendulums 
to clocks, in which it would be abfolutely — 
indifferent whether the pendulum moved 
in larger or fmaller arches; he found 
that if they vibrated between two curves 
of a geometrical figure, called a cycloid, 
the irregularities arifing from the altera- 
tions upon the pendulum, could produce 
no irregularity in the vibration. 


A cYCLOID is a figure defcribed by 
the revolution of a point in a circle, 
while that circle is rolling upon an even 
plane. Thus a nail in a chariot wheel 
defcribes cycloids as the chariot moves 
along. Huygens demonftrated, that how- 
ever unequal the arches were, which a 
body falling in this curve might defcribe, 
they would all be performed in equal 
times; for the nature of this curve is 
fuch, that a body falling down it ac- 
quires by velocity in the beginning, 
| L 4 more 
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more than it lofes in time at the end. 
To explain this, let us fuppofe the 
fourth part of a circle AED (fig. 21.) 
divided into four parts by right lines, 
and a body falling down them, as down 
fo many inclined planes. If the velocity 
were not accelerated, it is evident that 
the body would be a much fhorter time 
in rolling almoft perpendicularly from A 
to B, than obliquely from C to D. But 
the body goes with an accelerated mo- 
tion, and while it goes from C to D, 
though the plane be moft inclined, yet it 
performs it with the velocity which it 
has acquired by falling from A toG. 
Now it is evident, that if the planes 
A, B, E, were more perpendicular, the 
velocity through C D would be greater, 
The line FGH, which is the curve of 
a cycloid, is juft {uch a figure; the upper 
part of its curve FG D is more perpendi- 
cular than the arch of the circle TE D, as 
is obvious to the eye; and therefore the 
velocity acquired by the body at D, will 
be greater by falling from the cycloid F, 
than 
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than if it fell from the curve I. Nay 
what is more extraordinary, by the fame 
reafons, the time in which the body falls 
from F to H, will be lefs than if it fell 
down the right line ITH, though it -is 
evidently the fhorteft way. Upon this 
was founded the famous problem which 
Bernoulli: propofed to the geometricians 
of Europe. We demanded in what line 
a body, falling obliquely, would fall 
fooneft to the earth? This was not a 
right line, though the fhorteft that could 
be drawn, but the curve of a eycloid, 
which was afterwards called by the hard 
name of a Brachyftochrone, or the line of 
quickeft defcent. 


IT was between two of thefe curves 
that Huygens {ufpended a pendulum, as 
between the curve of the cycloid CA 
and the curve FB, (fig. 22.) might be 
fufpended the pendulum CV, in fuch a 
manner, that the ftrings which hold the 


‘pendulum, as often as it moves from the 
perpendicular towards either fide, might 


bend 
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bend round either curve, and by this 


alfo the pendulum would defcribe another 
curve of a cycloid AVB. By thefe means 
he fuppofed that the curve AVB being 
fimilar to the other two curves, would 
defcribe all its vibrations in equal times, 
and thus communicate a perfe@ regu- 
larity in clocks. However, experi- 
ence and theory have evinced the 
contrary. | 


WuatT feems moft remarkable in the 
error of Huygens is, that the learned of 
Europe perfifted in the error for more 


than thirty years, notwithftanding the 


irregularities that this produced in the 


- movements of clocks. One while they 


attributed it to the inaccuracy or igno- 
rance of the artift; another time to the 
obftruction of fome phyfical caufes; Mr. 
Sully was the firft who undeceived them. 
He thewed that the regularity of cycloidal 
pendulums was obftructed upon a very 
{ufficient account; namely, the flexibility 
of the rod or ftring of the pendulum, which 

: it 


Experimental Philofaphy. 155 


ft muft have had to bend along the curve 
on either fide, and which altered the 
weight of the pendulum upon the work 
to be regulated. Another fufficient reafon 


againft cycloidal pendulums is, the | 


moifture which the filken ftrings im- 
bibe from the air; whereas in other 
pendulums a fteel rod is made ufe of, 
which is not fubje& to equal variations. 
In fhort, thefe kind of pendulums are 
now entirely out of ufe; however, it is 
poffible they may again be brought into 
fafhion, fince a late improvement in 
one of the movements of a clock by 
Le Roy, in which the cycloidal ‘pen- 
dulum may be ufed with advantage. 


_ Sucu are the afliftances which geome- 
tricians have brought to regulate the vi- 
bration of pendulums, and to make all the 


arches they defcribe equal; but there are. 


other natural caufes of irregularity, which 
are entirely irremediable by calculation. 
As the rod of the pendulum, like all other 
bodies, contracts with cold, and dilates 

| with 
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with heat; fo it muft in cold wea- 
ther be confiderably fhorter than in hot 
weather, and confequently its vibrations 
muft be fwifter in winter when it is 
eoldeft than in the heats of fummer. It 
was a fufpicion of this kind that induced 
fome to think, that as the pendulum at 
the equator was found to move much 
flower than the fame pendulum towards 
the poles, this might proceed from its 
being lengthened by the heat of the cli- 
mate. In this however they were de- 


ceived, for its flownefs there (as we ob-- 


ferved before) proceeds from its having 
2 greater centrifugal force, which thus 


makes the force of gravity lefs at the 


equator, than towards the poles. I fay, 
they were deceived in this; for it has ap- 
peared by the moft careful experiments, 
that the lengthening of the pendulum 
in the hotteft weather, bears no fort of pro- 


- portion to the flownefs with which the 


pendulum at the equator is found to 
move. Mr. Ma:ran’s pendulum at Parss 
required to be 3 French feet, 8 lines and 
an half, to vibrate feconds. This pendu- 
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lum, by every experiment that has been 
tried to make it vibrate feconds at the 
equator, muft be 2 lines fhorter. Now 
if the air at Paris were as hot as boiling 
water, yet it could not require the pen- 
dulum to be made the third of a line 
fhorter, fo that the heat at the equator 
is not the only reafon that makes it too 
long to vibrate feconds there, fince the 
heat alone could not increafe its length 
above a third part of what we find it. 


Tue lengthening of the rod of a pen- 
dulum by heat, and its contraction by 
cold, are inconveniences however which 
fome mechanics have attempted to ob- 
viate, by employing another piece of 
metal in the movements of the machine, 
which fhall countera@ the lengthening 
or fhortening of the pendulum, by its 
own dilatation of contraGtion. Mr. Har- 
rifom’s machine is made upon this princi- 
ple, Le Roy and Cafint have pubkthed 
treatifes upon this fubje: it is our duty 


in fo ample a fubject, to excite curiofity: 


rather than to gratify it. 
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CHAP. XIL 


of Projeétiles, or that Motion caujed by 
a fingle Impulfz, and at laft deftroyed 
by Gr avity. | 


NY body thrown off, either from 

the hand, or fhot forward by the 
force of powder or any other means, is 
called a projectile. Thus a ftone driven 
from the hand, a ball driven from the 
mouth of a cannon, are called projectiles, 
from their being projected or caft for- 
ward. When the blow of a racquet, 
(fig.23.) or any other impulfe, detera 


~ mines a ball to afcend perpendicularly, 


it imprefles a force directly contrary to 
the gravity of the ball; fo that the ball 


will rife with a motion, equal to the 


fuperiority which the impelling force has 
over gravity. Thus if the impelling 
force is capable of driving the body at the 
rate of 60 feet high in one fecond, 4s 
the force of gravity draws it and all 
bodies back to the earth about 16 feet 
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in the fame time; the height to which 
the ball will rife in the firft fecond, will 
be but 44 feet. In the next fecond of 
its afcent, as the power of gravity ftill 
operates upon it, and as the {paces it 
defcribes increafing are as odd numbers, 
it will make it fall 3 times more, which 
is 48 feet, which fubduced from 60 in 
this fecond, which it would rife if un- 
interrupted in this fecond, will leave it 
but twelve feet to rife. After this it will 
ceafe to afcend; for in the third fecond, 
gravity will have the advantage over the 
projectile force of the racquet, for the 
racquet gives only 60 feet in a fecond, | 
whereas gravity would give at the third 
fecond 5 times its firft force, that is, the. 
body will defcend at the rate of 80 feet ;_ 
for the {paces defcribed by bodies fall- 
ing by the force of gravity imcreafe by 
the odd numbers, 1, 3, §, 7, 9, &t. 
from this it appears that the projectile 
force is uniformly diminifhed, and that 
a body thrown perpendicularly upwards 
alfo falls perpendicularly down,,. or. at 

* Teaft to all appearance. 
Now 
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_ Now inftead of throwing the body 
perpendicularly upward, let us fuppofe 


) ‘itto be fhot dire&ly forward, and ftill 
fuppofing the force to go uniformly for- 


ward, let us divide the whole of its way 
FG (Fig. 24.) into four equal parts. If 
the ball F, during the firft fecond, falls 
1 4 by its force of gravity, during the 
next fecond, the caufe increafing by odd 
numbers, will make it fall 3 times as 
low, to 2 ¢; in the third fecond it will fall 


_§ times as much, to 3 ¢, and in the fourth 
fecond it will fall g times as much, to Ag. 


By this means we {hall have a {ucceffion 
of points, Faceg, which together form 
a curve, which geometricians call a 
Parabola. And in this curve all pro- 
jected bodies will move, in what{o-+ 
ever direction they are thrown, except 
dire@ly upward, or perpendicularly 
downward. | 


Now fhould it be afked in what manner 

a cannon fhould be planted in order to 
drive a ball to the greateft poffible diftance, 
the 


2 
i ee 
- ee eee 
SS 
ee ee = 
Fs el 


Experimental Philofophy. 161 


the folution will be obvious. For if we 
fuppofe it raifed perpendicularly as B, 
(fig. 25.) it is evident that the ball 
fhot from its mouth will fall perpen- 
dicalarly back again; to the fame fpot 
from whence it was driven. And if we 
{uppofe the cannon laid level with the 
furface of the earth at A, it is evident 
that the ball can be fhot to but a very 
fhort diftance; for as it defcribes the curve 
of a parabola, and confequently is every 
moment defcending, ftri€tly fpeaking, it 
would reach the ground the moment of 
the explofion. To give therefore a ball 
the greateft amplitude, and to drive it to 
the greateft random diftance, we mutt 
point the cannon exaétly between the | 
horizontal direction A, and the perpen- 
dicular direction B; that is, we muit 
elevate it to about forty five degrees of 
acircle, or the half of its quadrant C; 
and every day’s experience in gunnery 
confirms the truth of this theory. 


AL the Bali:fiic art, or that part of 
enginecring which cenfifts in meafuring 
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with exactnefs the force of a cannon balf, 
or a bomb, and fuch like, confifts in a due 
knowledge of the weight of the body 
to be driven, and the projectile force that 
drives it. The weight of the body is 
eafily meafured ; the force of the pow- 
der requires much more affiduity to 
underftand, and can after all be only 
found by experience. Upon underftand- 
ing the quality of this, and the quantity 
that can be employed with effed, de- 
pends almoft the whole of the gunner’s 
art. I fay, that can be employed with 
effe& ; for only a certain quantity of the 
powder is always confumed, which is 
put into the piece; the reft is difcharged: 
entire without ever taking fire, or at moft 
is not kindled till the ball is paft the 
fphere of its force. 


_EXPERIENCE, therefore, is the beft 
guide in the doctrine of either throwing 
bombs or fhooting balls ; for the theory, 
of which we have given here but a {mall 
part, can carry the young engineer but 

a fhort 
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a fhort way, and indeed it is clogged 
with fo many exceptions, that it is rather 
an object of amufement than utility. 
For firft, the refiftance of the air confider- 
ably alters the former calculations. Mr. 
Robins, who fome years fince publifhed 
a work entitled New Principles of Gun-~ 
nery, even aflerts that the figure the bady 
defcribes is not a parabola; others, later 
than him, who appeal to experience as 
well as he, affirm the contrary. Future 
experiments muft determine the difpute ; 
for in natural things, the experimenter 
fhould ever lead the geometrician *. What 
we have here faid with refpe& to the pro- 
jection of bodies, and of their defcribing 
parabolas, muft be confidered as their 
motion is feen by us fituated on the 
earth; but by a {peGator, removed at a 
diftance from its furface, and not par- 
* They who are defirous of having a more Geo- 
metrical knowledge of this fubject, may confult an 
excellent treatife, entitled Balifica Arithmetica, 
by Mr. Maupertuis, which in two pages contains 


more than volumes on the fame fubject written by 
fome others. 
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taking of its motion, bodies thrown 
forward would be feen to defcribe very 
different curves from what an inhabitant 
of the earth conceives. For in reality, a 
body thrown upward, befide the two 
forces already mentioned, is urged alfo 
by the rotation of the earth upon its axis. 
Some fay, a body thrown upwards will, 
to fuch a fpectator, appear to defcribe 
the curve of a parabola as before; others 
_are for reftricting this affertion. Hap- 
pily for mankind, and for philofophy 
too, the queftion is merely fpeculative : 
the figure is very difficult to determine, 
but it is eafy to determine that all en- 
quiry is to be difcontinued where it 
ceafes to be ufeful. 
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CHAP. XIIL 


Of the Communication of Motion. 


ATURAL phiofophy,  ftridtly 
fpeaking, is little elfe but the mea- 
{uring of fuch motions as are obvious, 
or accounting for fuch as proceed from 
an hidden caufe. We have already ac- 
counted for and meafured the motions 
of bodies, that ‘to the vulgar feem to put 
themfelves into action, or, that put into 
action by us, go on without ‘communi- 
cating their motion to any others: of the 
‘firft fort, were bodies attracting each 
other; of the laft were projected hotles, 
that were fuppofed to meet with no ob- 
ftruction in their way, 
. WE now come to confider. that mo- 
tion, which is communicated from one 
body to another, without, confidering 
the firft caufe which gave that motion 
to either. -If upon feeing two bodies-in 
mation, I apply my ftrength to ftop 
M 3 either, 
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either, I will naturally and juftly cone 
clude that body to have had moft force, 
which required moft of my force to ftop 
it. Now there are two things by which 
a body acquires this fuperior force; it 
either moves very {wiftly, or the body 
moving i8 very heavy: in either cafe it 
requires very great force to ftop it, but 
moft of all, if it is at once both fwift and 
heavy. A tennis ball, though it moves 
very {wiftly, will give but a moderate 
blow; a leaden bullet, moving with 
equal fwiftnefs, would be fatal. The 
force therefore, with which a body 
moves, is m proportion to its fwiftnefs 
and weight; or, to exprefs the fame thing 
in harder: words, the momentum (for fo 
is the force ufually called) is compounded 
of the quantity of matter in a body and 
velocity united. If then at any time we 
defire to know the force with which a 
body moves, it is but multiplying the - 
velocity by the weight, or the weight by 
the velocity, and the produét is the force 
fqught for. So-that by this we fee that 
, twa. 
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two bodies may go on with very different 
degrees of {wiftnefs, and yet both move 
with the very fame force, provided the 
difference of their weights balances this 
excefs. Thus, fuppofe a bomb to weigh 
40 pounds, and to move 2 miles in a 
minute; and a cannon ball to weigh 4 
pounds, and move 20 miles in the fame 
time. If I would know which will ftrike 
down a parapet with greater force, I 
multiply 40 pounds, which is the weight 
of the bomb, by 2,. which is its {wift- 
nefs, and that makes its force 80. Then 
I do the fame by the cannon ball, and 
20 multiplied by 4, gives 80; fo that the 
force in both is equal, and either would | 
level the parapet with equal force. Once 
again therefore, I repeat it, that she 
Jorce or momentum of any moving body is 
found, by multiplying its velocity by its 
weight. | 


To prove this another way: if it 
fhould be faid that bodies, which move 
with equal {wiftnefs, will alfo move with 

M 4 equal 
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equal force; fuppofe I threw any body 
forward, and by the time it got to fome 
diftance it fhould divide into four dif- 
ferent parts, thefe would ftill move to 
the end of the caft with as much fwift- 
nefs as the body would if it had remained 
entire; but it would be abfurd to fay that 
thefe parts move each with as much 
force, fince if fo, the force in the four 
parts would be four times greater than 
what was at firft impreffed upon the 
body, fo that-to put it into motion, the 
effect would be greater than the caufe. 


ALL this is apparent, and was well 
known to Archimedes; but notwithftand- 
ing, obvious as it is,- Lezbmitz and his 
followers infift that the force of a body 
is to be eftimated, not by multiplying 
the weight by the velocity, but by the 
{quares of the velccity. Thus 4rchi- 
wedes would fay, that a ball which 
weighs 2 and moves 2, ‘would go ‘on 
with a force 4; but Lesbnitz contradiéts 
him, and fays that a ball which weighs 


2 and 
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2 and moves 2, will go on with a force 
2, multiplied by the {quare as the velo~ 
sa 2, which 1s 8.. 


THE queftion in difpute therefore is, 
whether the force of a moving body 
becomes double or becomes quadruple, 
when the fwiftnefs is only doubled? 
Now were the force employed in deftroy- 
ing its motion, allowed as a_ proper 
meafure to eftimate the force, with which 


_ the moving body went forward, the 


queftion would foon be at an end, and the 
followers of Lezbxitz muft fubmit; for 
to deftroy the motion of any body what- 
foever, we have only to oppofe to it an 
equal weight to its own, multiplied by 
an equal velocity. Suppofe a ball of 2 
pounds moves forward with a {wiftnefs 
of 2 yards ina minute; if I defire to {top 
it with another ball which weighs 2 
pounds, this [ can effectually perform 
if I give the laft ball, which has already 
as much weight, as much fwiftnefs 
as the former. This thews that if the 

oe force 


& 
ot 
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force deftroyed in one body, be equal 
to that deftroying in the other, the 
moving force mutt originally have been 
as the weights multiplied fimply by the 
velocity, and not as the fquares. 


THE ftrength of this objeQtion Lesbnitz 
was aware of, and therefore anfwered it 
by making a diftin@ion. The force 
fufficient, fays he, in one body to de- 
ftroy another body’s motion, I grant, is 
rightly meafured by the weight multi- 
plied by the velocity; but the force with 
which a body furmounts obftacles, is 
to be eftimated differently from that 
in which it is overcome by them. A 
body moving forward, becomes in a 
manner animated on its way, and when 
once put forward, overcomes obftacles 
that would have been infurmountable to 
its force at the very inftant it began; as 
a man will overcome difficulties, when 
in his heat, that in his cool moments 


would be infurmountable. Suppofe, for 


inflanee, a body, with a certain degree of 


I weight. 


De, 
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weight and fwiftnefs, is able to coil 
up a watch {pring ; if I double the weight 
alone it will coil up but two watch 
fprings, but if on the contrary I double 
the velocity alone, it will coil up four. 
Thus then, continues Lesbnitz, we have 
two kinds of forces; dead forces, which 
are as the weight multiplied by the 


velocity ; and animated forces, which are 


as the weight multiplied by the fquares 
of the velocity. The dormant force 
which a body poffefles while counter- 
aéted by fome other, is the dead force; 
that of a body actually put into motion, 
the animated. An arrow drawn to the 
head and juft ftarting from the bow, is 
a dead force withheld by the archer’s- 
hand, with a power that would, upon 
computation, appear to be equal to a 
certain weight multiplied by a certain 
velocity; but when the arrow is once fhot 
forward, then the animated force begins, 
and with a power, made up of the ar~ 
row’s weight and the fquare of its 
velocity. Whatever totally deftroys the 

- animated 
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animated force, turns it into a dead one, , 
and it therefore yields to an infurmounte 
able obftacle in the fame manner as: a 
dead force would do. But it 1s other- 
wife when flight obftacles are overcome ; 
for fuch are paft over with a force, as the 
{quares of the velocities multiplied by the 
weight of the body in motion. . We mutt 
not therefore, concludes Lesbitz, eftimate 
the force of a body in motion, by com-- 
puting the force which would be fuffi- 
cient to deftroy that motion ; fince a 
moving body furmounts obftacles with. 
a much preater force, than that by which 
its force is deftroyed by infurmountable 
ones. 


Sucu is the do@trine of Lesbnitz upon 
the forces of bodies which impell each 
other ; by which we fee that he was of 
opinion that a body, whofe {wiftnefs was - 
twofold, would have four times the force 
of one which only went forward with a 
fingle velocity. But however refpectable 
the name of Lesbnitz may be, there are 

among 
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among his adverfaries, names ftill more 
refpectable, for Newton and Clarke 
are of the number. We grant, faid 
they, that four watch fprings. will be 
coiled up by a body with a double 
velocity, and nine {prings by a triple, 
and fo on; but as you diftinguifhed once, 
fo now muft we. Between the firft in- 
ftant that the body begins to coil the 
{fpring, and the laft, in which the work 
is completely performed, however quick 
it may appear to fenfe, yet there pafles 
fome time. Now if we confider the 
effect of the coiling body at the end of 
the time, it will certainly produce a force 
as the fquares of the velocitics, and 
Leibnitz is in this’ refpet right; but 
if, on the contrary, we could eftimate the 
force, at the commencement of . the 
coil, it would be fimply as the velocity 
multiplied by the quantity of matter. 


Tus difpute, which is not even yet 
perfectly determined, has for more than 
fixty years divided the learned of Europe, 
and fharpened fome even into animolity ; 

however. 
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however, it is only a debate merely {pes 
culative, and may be reduced to this 
frivolous queftion ; namely, Whether the 
obftacle, a mioving force furmounts, 
refifts in fucceffion its parts oppofing, one 
after the other ; or whether its refiftance 
is inftantaneous, all its parts oppofing 
together? Which ever of thefe happens, 
the effect is to be meafured in the fame 
manner, only one takes in the time of 
fucceffion, the other not. ) 


NoTwITHSTANDING this difpute 
therefore, we may ftill continue to 
meafure the quantity of force in moving 
bodies, by their weight multiplied by 


their velocity ; we go on therefore to ob 


ferve, that whatever be the action of a 
body thus moving upon another, that 
other exerts an equal re-action upon it. 
If the moving body takes three degrees 
of force, to drive forward a body at reft, 
this quiefcent body employs three degrees 
of force to keep the other back. If I 
prefs a ftone with my finger downward, 
the ftone prefles my finger equally up- 

ward. 


oo — 
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ward. Ifa horfe draws a load forward, 
as much as he promotes the progrefs of | 
the load, fo much is he retarded, or in 
other words drawn back; and whatever 
motion he communicates to the load, he 
lofes fo much of his own. Ina word, 


the re-action of any body whatfoever, 


is equal to the action employed in put- 
ting it into motion. 


As action and re-action are thus equal, 
itis manifeft that in the ftroke one body 
makes upon another, the motions of 
both muft be equally affected by the 
blow; and whatever additional motion 
the one receives, the other muft lofe {fo 
much that gave it; whatever the one 
imparts, fo much muft the other be 


_ a@ gainer. 


From thefe two principles united, 
namely, that the force of bodies is made 
up of their fwiftnefs and weight mul- 
tiplied by each other, and that action 
and nienenee are equal, depends the laws: 

of 
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of the communication of motion; laws 
which ancient philofophy had never fup- 
pofed to exift, and in which more mo- 
dern philofophers were for a long time 
miftaken. 


How one body becomes pofleffed of a 
power of granting its motion to another, 
how matter, which is itfelf inert, fhould 
be capable, when moved, of communi- | 
cating its activity; thefe are queftions 
which we may afk, but can never re+ 
folve; perhaps our wifeft anfwer will be, 
with Malbranche, to fay, that God has 
willed it to be fo. But though we are 
ignorant of the caufe of its motion, yet, 
by certain laws, we can readily tell the 
precife quantity of motion (or let us call 
it force) which one body communicates 
to another, provided we know the 
weights of the two bodies, and their 
{wiftnefs before they impinged. | 


Ir we could fuppofe all bodies perfectly 
hard, it 1s manifeft, that if.thus circum- 
ftanced, 
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ftanced, any two of them fhould ftrike 
againft each other in an even diredtion, — 
they would never feparate after the 
ftroke, but either remain together im- 
moveable, or go forward together with 
one common and equal fwiftnefs. For 
what is it that could feparate them? They 
cannot recoil from each other, for this 
would imply that their parts gave way, 
which they cannot do, as the bodies are 
fuppofed to be perfe@tly hard, and there- 
fore unyielding. They cannot be fepa- 
rated by the air,-or any other external 
refiftance, for thefe, in the prefent cafe, 
are fuppofed to be removed. If two per- 
fetly hard bodies therefore ftrike againft 
each other, if they move after the 
{troke, they both move together the 
fame way. 


ALL bodies perfeétly hard may be 
called non-elaftic bodies; thefe, after the 
ftroke, never feparate’ from each other, 
but either remain together immoveable, 
or go on with one common velocity. 

Vou. I, N The 
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The quantity of force they communicate 
or receive from each other, may be deter 
thined im thé manner following. If two 
non-elaflic bodies meet in oppofite directions, 
the excefs of force in one of them, beforé 
they firtke, will be all that is left in both 
after, and this being diftributed between 
them, in proportion to their weights, will 
tell us the force with which each moves 
after the firoke. ¥or all the reft was 
deftroyed by their contrary and equal 
ations upon each other. 


If one body in motion purfues and ftrikes 
another, which is either at reft or in 
motion, both bodies, after the frroke, will 
have all the force they had before, but 
then diftributed between each, in proportion 
to their weights. For in this cafe there 
is no contrary agent to deftroy their con- 
{piring forces; and as they both move to- 
gether with equal {wiftnels, from their 
want of elafticity, the force of either 
muft be computed by its refpective 
weight, their velocity being the fame. 

THESE 
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THEseE are the great laws found out 
by Sir Chrifopher Wren, for meafuring 
the quantity of force communicated or 
deftroyed by the mutual percuffion of 
non-elaftic bodies; and we can, with 
preat eafe, apply thofe rules to any par- 
ticular cafes that may be flated; as when 
one body is only in motion at the time of 
the ftroke, or when both move in the 
fame direction; when they move in op- 
pofite directions, and this with equal or 
unequal force, or unequal weight. Any 
of thefe cafes, I fay, may be very eafily 
folved, by applying to the rules above 
mentioned. I fhall only therefore take 
any one of them as an example at a ven-~ 
ture, for as it is a bufinefs rather of calcu- 
lation than curiofity, fuch learners as 
are delighted with ftudies of this nature, 
will very eafily folve the reft themfelves. 
Let us fuppofe then two bodies of un- 
equal weight, both moving, and the one 
overtaking the other. Let us fuppofe the 
weight of the preceding body to be one 
pound, and Jet it have three degrees of 
N 2 velocity, 
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velocity, fo that its force will be three. 
Again, let us fuppofe the purfuing body 
to weigh two pound, and to have a 
velocity of fix degrees, fo that its force 
will be twelve. Now I defire to know 
with what degrce of force thefe two 
bodies will proceed after one has ftruck 
the other? Firft then, according to 
my rule, I find the force in both bodies 
before the ftroke, which is three, and 
twelve, and that makes fifteen. Now 
this I diftribute between the two bodies, 
_after the ftroke, giving to each in propor- 
tion to its weight. The firft weighs one, 
the laft two; therefore the force in the 
firft body, after the ftroke, will be five, 
_ and the force in the laft body, after the 
ftroke, will be ten. Now if I defire to 
know what force was communicated by 
the ftriking body to the {maller; the 
force of the {maller body before the ftroke 
was three, and after the ftroke five; 
therefore the motion it received by come 
munication was two. 


AND 
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AND what is thus found exact in theo-~ 
ry, will be found nearly true in experi- 
ment. I fay only nearly true, for in the 
whole circle of nature there is not to be 
found a body perfe&tly non-elaftic, and 
the philofopher in this cafe, is obliged to 
be content with employing in his experi- 
ments, fuch bodies as are moft: void 
of elafticity. If bodies were perfedtly 
hard, they would be perfectly non- 
elaftic, as their parts, upon preffure, 
would never give way; but as in nature 
thofe fubftances we meet with that have 
hardnefs, have great elafticity alfo; the 
natural philofopher, in his experiments 
upon non-elaftic bodies, inftead of ufing 
unyielding hard bodies, as they are not to 
be met with, is obliged to have recourfe 
to foft bodies that are non-elaftic from a 
different principle; they yield to preffure, 
but do not recover themfelves with a 
{pringy or elaftic force. 


THE fubftances, ufually employed in 
experiments upon non-elafticity, are balls 
: N 3 made 
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made of moift clay, and fufpended by 
fine ftrings, as we ufually fee pendulums, 
Thefe are let fall from certain heights, 
and the time they take to pafg through 
—thefe heights is confidered as their velo- 
city. With thefe the experjments are 
found to anfwer nearly to the theory; 
theis ftill having a fmall degree of elaftic 
force, and the refiftance given by the air, 
caufes the deviation. | | 


By thefe we can experimentally be 
convinced, that bodies, when they hold 
a certain proportion, are moved, and 
remove each other in equal proportion, 
But it is otherwife if the difference af 
the two bodies be very great; if I ftrike 
a clay ball apainft the wall af an houle, 
the wall remains unmoved as before, of 
the motion is fo infinjtely {mall, thag 
fenfe is not capable of difcerning it, 
And this may ferve to refute the noted 
opinion of the Epicurean feds, that na 
motion was ever loft in the world, but 
that what was once begun, though 

| ccafed 
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ceafed in the firft body that received it, 
yet it was only by its being tran{mitted to 
another, but not actually deftroyed. It | 
is true, they may reply, that though 
motion be infinitely diminifhed, yet this: 
js not equivalent to its being actually de- 
ftroyed. - Much might be faid upon this 
queftion, but we will pafs it over, asa dif- 
cuffion of it would be a matter of ufe to 
none, and a matter of curiofjty only ta 
metaphylicians. | 


N 4 
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CHAP. XIV. 


Of Elafticity, and Elafic Bodies. 


A* there are no bodies in nature 
that are perfectly non-elaftic, fo 
none are endued with perfe@ elafticity. 
By elafticity, I mean that {pring or power 
with which we find many bodies, when 
prefled, reftore themfelves, as foon as 
that preffure which bent their parts to- 
gether is taken away. Thus a watch 
fpring, which, when coiled up, unfurls 
itfelf as foon as at liberty, may be called 
elaftic; marble, which, when ftruck 


- againft the pavement, rebounds to fome 


height, may be called elaftic. No body 
on, earth, even water, as we fhall fee in 
its proper place, is entirely without this 
power, and yet no body in nature has 
this power in perfection. To be pere 
featly elaflic, the body muft reftore itfelf 
with a force exactly equal to the preflure 
made upon it. The marble, if dropt from 
an height of three feet, to be perfectly 

- elattic, 
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elaftic, muft rife to the height of three 
feet. It falls to the pavement, is preffed 
inwards by the fall; if it recovered from 
that preffure with equal force, it would 
rife as high as it fell. But no body is 
found to do this completely; an ivory 
ball is the moft elaftic body that we 
know of, and fuch are ufed in all the ex- 
periments upon this fubje@. But before 
we begin to meafure the efforts of this 
elaftic power, it will not be amifs to en- 
quire from whence the power itfelf 
proceeds, 


Suppose I hold, by one end, a bit of 
catgut moiftened, between my fingers, 
and lengthen it by pulling at the other ; 
this, when let free, will again fhorten 
itfelf as before it was drawn. Now it is 
requited to explain what power it is, 
which thus fhortens the ftring which I had 
lengthened? A common obferver would 
fay, that it fhortens itfelf, that the fibres 
of the ftring which were lengthened by 
force, when that force is removed, again 

refume 
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refume their natural ftate. But what ig 
the natural ftate of its fibres? Mere 
matter is intirely inert and paffive, and 
the fibres in one fjtuation, are as natu- 
rally placed as in any other. There 
mutt therefore be fome other power, that 
thus impellsthofe fibres again to contradt; 
and what that power is, is what philofo- 
phers enquire, 


To folve this queftion, a Cartefan will 
fay, that by lengthening the ftring we 
leflen its pores, and thus fqueeze a cere 
tain fubtile fluid, fuppofed to be in all 
bodies, into a narrower compafs, which 
by its endeavouring to fly out, will pro- 
duce an endeavour in the body to refume 
its form. This folution, is a more incom- 
prehenfible difficulty, than that which it 
is brought to explain, 


OTHER philofophers, at the head of 
whom is Malebranche, {fuppofe that all 
bodies are filled. with hittle vortexes, 
_ ‘which, like watch fprings coiled, give 

way. 
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way to.preffure, but reftore themfelveg 
upon jts removal. This is only fuppof- 
ing one kind of elafticity that we do not 
fee, to prove another that we do fee. 


THE followers of Newton fay, that 
this power is nothing elfe hut that of 
attraction, When the ftring is length- 
ened, fay they, its parts are not however 
drawn out of the {phere of each other’s 
attraction, by which they were held toge+ 
ther; and as foon as the power that 
lengthens the ftring is removed, and the 
attracting parts are permitted to refume 
their functions, they again attra@ and 
contract the parts to their former fitu- 
ations, and the ftring fhortens as in the 
beginning. A fingle queftion will ferve 
to invalidate this folution. Why then are 
not heavy bodies, which have moft parts, 
and fhould have confequently moft 
attradtion, the moft endowed with 
elafticity ? — 


Wuart the caufe is therefore, that a 
bady, when thus lengthened, recovers 
its 
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its former fhortnefs when the length- 
ening force is taken away, as yet appears 
infcrutable. All that we know is, the 
actual exiftence of the experiment; and 
perhaps this 1s as much as is worth our 
knowing. Now methodically to thew 
that a ftring may be lengthened, and yet 
recover its former fhortnefs, the follow- 
ing experiment will ferve. If the fring 
of a fiddle or an harpfichord, (fig. 26.) 


be ftretched between two fixed points, 


G, H, and let it be ftruck upon by a folid 
body, fufficient to bend it from the point 
from I toK; it is evident that this ftroke 
will lengthen the ftring, for the line 
G KH, is obvioufly longer than the 
ftreight fring GH. The ftring there- 
fore is lengthened by the ftroke, and 
were it perfectly void of elafticity, it 
_ would continue lengthened. 


NATURE however has endued the 
ftring with an elaftic power, a power 
which will induce it to fhorten, and re- 

ftor¢ 


— 
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ftore itfelf with nearly as much force, as 
that of the body that gave the ftroke. 
So that therefore being lengthened to K, 
as I faid before, it will, by its elafticity, 
return back to I. Now the velocity which 
it acquired by coming from K, being in 
proportion to the elaftic force which acts 
continually, will be continually accele- 
rated, and will drive the ftring in the 
oppofite direction to L. The elattic 
power may in this cafe be refembled to 
the gravitating power which we formerly 
defcribed in the pendulum; where we 
fhewed, that whatever heights the vibra- 
ting body falls from on one fide, fo 
much will it rife on the other. In this 
manner will the elaftic ftring continue 
to vibrate from one fide to the other for 
fome time, and if perfectly elaftic, and 
not refifted externally, would continue 
to vibrate for ever. And what is re- 
markable enough, each of its little vibra- 
tions, like thofe of a pendulum, will bé 
performed in times exactly equal to each 
other. : 


THE 
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Tue véry fame thing that is here dex 
fnonftrated concerning ftrings, will be 
found true of all other elaftic bodies 
whatfoevers like thefe, their parts pive 
qway, recover, and put themfelves into 
a vibratory motion. Let us, for inftance; 
take a {mall bell or drinking glafs, and 
ting them at the edge with the finger ; 
the ftroke of the finger prefles the edge 
of the glafs, and for that inftant alters its . 
form ; from acircle it becomes an ellipfe, 
in form of the dotted circle A B, (fig. 27.) 
but upon the preffure being removed, 
it inftantly recovers its former figure; 
and the reftitutive force acting upon 
it conftantly, it will acquire fuch an ac- 
celerated velocity, as to drive it into the 
oppofite ellipfe C D. Thus will it continue 
to vibrate backward and forward, from 
one ellipfe into the other, till the refift- 
ances it hath to encounter, from its non- 
elafticity, and from the external air, en- 
~ tirely deftroy its motion. 


In the fame manner will other elaftic 
bodies change their figure, making allow- 


ances — 
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ances for the ftiffnefs and uncompliancy 
of their matter or figure. ‘The parch- 
ment of 4 drum becomes alternately con- 
cave and convéx ; ‘an ivory billiard ball; 
let fall upori earth-ftone, becomes an 
ellipfoide by the fall, but foon alters its 
figure again. 


But perhaps it may be thus objected: 
How do we know, that an ivory ball, 
which to all appearance is compofed of 
parts ftiff and uncomplying, does thus. 
yield to the impreffion, and then recover 
its former figure? An experiment will 
prove that it yields. Let a {mooth mar- 
ble hearth-ftone, or fuch like, be {meared 
flightly over with oil, and then let an 
ivory ball be dropped upon it, and it will 
leave a pretty broad fpot upon the ftone. 
‘Now it will be owned, that this ball upon 
the fall would touch the marble only in 
a fingle point if it were inflexible, but 
by yielding, it levels a part of its furface 
to the preffure it receives from the furface 
- of marble, and marks it with the im- 
preffion as bcfore. 

From 
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From hence we may gather, that all. 
elaftic bodies, how different foever their. 


figure, yet exert this force in the fame 


manner; that an elaftic ftring and an. 


elaftic ball refift preflure juft alike, and 
take the fame methods to recover their 
former fhapes. And from hence we may 
infer, that an elaftic ftring or body, when 
lengthened or dilated, recovers its former 
tenfion with an accelerated velocity : 
thus the ftring in returning from K, was 
uniformly accelerated till it came to I; 
thus in the figure reprefenting a bow 
{tring, the arrow would not quit the bow 


till the ftring arrived at the middle point, 


where it acquired its greateft velocity. 


Havinc thus fhewn the manner in 
which an elaftic body refifts preflure, 
it is now time to meafure the quantity 
of motion received and communicated by 
elaftic bodies that {trike each other; and 
as it is impoflible to throw that degree of 


perfpicuity into this fubjeét which I , 
could with in the compafs to which I have © 


I con] 
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confined myfelf, I thall adopt Hel/bam’s 
manner, which, though fome may 
think difficult, is allowed to be the beft 
and plaineft yet publifhed. In eftablith- 
ing the theory of which we muft fuppofe 
the bodies perfectly elaftic, and all ex- 
ternal refiftance from the air taken away. 
In the fhock of elaftic bodies, nature 
follows the very fame laws as in that of 
non-elaftic bodies, but with this differ- 
ence, that elaftic bodies fly off after 
the fhock with as much force as that with 
which they came together, whereas if 
they were non-elaftic, they would deftroy 
each other’s motion entirely. The rule 
for determining the quantity of force in 
elaftic bodies, after the ftroke, is this. 


Let the two firiking bodies be firft con- 
federed as non-elaftic, and let the force of 
each body after the firoke be found, asalfo - 
the force communicated from the one to 
the other. Then as they are elaftic, let 
this force be fubdutted from that of the 
Srriking body after the — and added to 

VoL, I. that 
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that of the body which recetved the ftroke, 
and the refidue will be the force of the 
frriking body, and the fum the force of the 
other body after feparation. 


- Tuts is demonftrable; for with 
whatever force the bodies ftruck each 
other, by virtue of their weights and 
fwiftnefs, they will recede as much by 
virtue of their elafticity, and throw one 
another contrary ways, each with a quan- 
tity of force equal to that which the ftrik- 
ing body communicates to the other; fot 
which reafon, if that force be fubdudéted 
from the force remaining in the ftriking 
body after the ftroke, as being contrary 
thereto, and added to the force of the 
other body after the ftroke, as confpiring 
therewith, the refidue and fum will 
give the forces of the bodies after fepa-~ 


ration. 


THEsE general expreffions will be 
better underftood, by making particular 


applications. If two equal bodies meet 
one 
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one another with equal forces, they will 
be refleéted back with the fame forces 
and the fame velocities wherewith they 
approached. For if noncelaftic, they 
would upon the ftroke deftroy each- 
other’s force; but by the rule each of 
them muft, on account of elafticity, re» 
ceive as much as they gave; and the 
forces which are thus received by the bo 
dies being equal, muft carry the bodies 
backward with the fame equal force 
wherewith they approached: 


Ir a body, perfectly elaftic, ftrikes 
another of equal magnitude at reft, the 
ftriking body will communicate all its 
force to the other, and remain at reft itfelf. 
For if they were rion-elaftic, the ftriking 
body would upon the ftroke communicate 
half its force, (as may be eafily calculated;) 
and by the rule now laid down, a quantity 
of force, equal to that communicated, 
muft be fubducted from the ftriking body, 
‘ and added to the motion of the body 
which receives the ftroke, by which means 

O2 the 
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the ftriking body will have no force left ; 
but the other will have a quantity of force 
equal to what the ftriking body had before 
the fhock. 


Ir two elaftic balls be untqual; for 
inftance, if one be double the other, and 
if the greater have nine degrees of 
velocity and the leffer be at reft, they 
will both move forward after the ftroke ; 
the ftriking body with one third of the 
force which it had before the ftroke, and 
the other with two thirds; and the 
velocity of the ftriking body will be 
three, and of the other twelve. For 
fince the ftriking body is to the quiefcent 
as two to one, if non-elaftic, 1 would 
communicate one third of its force; and 
being elaftic, a quantity of force equal to 
what is communicated, muft be taken 
from the force remaining in the ftriking 
body, and added to the force of the 
other; confequently the ftriking body 
will retain one third only of its force, ° 
the other two thirds being communicated 

to 
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to the body which receives the ftroke ; 
wherefore, fince the ftriking body weighs 
double, or is two, and its velocity nine, 
its force muft be eighteen, one third of 
which, to wit, fix, it will retain after 
the refleGtion, and the other two thirds, 
to wit, twelve, will be the motion of the 
other body; and thefe motions being 
divided by the bodies, will give three 
_ and twelve for the quotients; which 
quotients are as the velocities. of the 
bodies after reflection. 


On the other hand, if a fmall elaftic 
ball ftrikes a larger at reft, let us {uppofe 
the fmaller ball to have nine degrees of 
velocity, and weigh one pound, the 
larger, which is at reft, to weigh twe 
pound. The force of the fmaller will be 
nine, and it would, if non-elaftic, com- 
municate two thirds of this force upon 
the ftroke to the greater, and only one 
third remain in it which is the ftriking 
ball. Now on account of the elafticity, 
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we muft fubduct from this remainder, 
as much force as was communicated, 
namely, two thirds; but upon fubdua- 


ing twothirds from one third, there will 


remain one third negative, which fhewg 
that the ftriking ball will be refle&ed with 
one third of the force it had at the time 
of the ftroke, fo as to afcend backward 
with a velocity of three. But the greater 
ball, to which two thirds of the ftriking 
ball’s motion was communicated by the 
ftroke, will likewife, on account of the 
elafticity, receive two thirds more, fo as 
to be carried forward with a force equal 
to what the ftriking ball had at the time 
of the ftroke, and one third more; that 
is to fay, with a motion which is as twelve, 
which being divided by two, the weight 
of the ball, gives fix for the velocity 
with which the ball will recoil. 


IF two equal elaftic bodies move in the 
fame direction, and in fuch a manner as 
that one may overtake and ftrike the 
ether, upon the ftroke, they will ex- 

change 
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change their quantities of force with each 
other. For inftance, if the force of the 
fubfequent body before the ftroke be 
double the force of the preceding body, 
then will the preceding body after the 
ftroke, have double the force of the fub- 
fequent body after the ftroke; and the 
preceding body after the ftroke, will 
move with the fame velocity the fubfe- 
quent body moved before the ftrokes 
and the fubfequent body will, after the 
ftroke, be carried with the velocity of 
the preceding body before the ftroke: 
fo that upon the ftroke the bodies will 
exchange their forces ; but as the weights 
of the bodies are the fame, we may in 
other words fay, they will exchange their 
welocities. For let us fuppofe the fum of 
the forces to be three, and as the bodies 
are equal, the force of each after the 
‘dtroke, if they were non-elaftic, would be 
one and an half, and the force communi- 
cated would be one and an half; and fo 
likewife will the force arifing from elafti- 
city, which being deducted from the 

O4 force 
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force which remains in the ftriking body 


after the ftroke, and added to that of 
the preceding body, leaves the force of 
the former as one, and the latter as two, 
fo that after the ftroke the forces will 
be exchanged, 


Ir the bodies be unequal, and move 


the fame way, their forces and velocities - 


after the ftroke, may in like manner be 
difcovered by the help of the rule. For 
inftance, if the fubfequent be two pound, 
and have twelve degrees of force, and 
the preceding be one pound, and have 
three degrees of force; the force of the 
fubfequent body after the ftroke will be 
eight, and that of the preceding body 
feven ; and the velocity of the former 
will be as four, and that of the latter as 
feven. For the fum of the two forces 
before the ftroke being fifteen, and the 
‘bodies being as one and two, the force 
of the leffer body after the ftroke, if 
non-elaftic, would be five, and that of the 
greater ten. But the force of the leffer 
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body, before the ftroke, was three, con 
fequently the communicated motion is 
two. Now adding fo much, on account 


of elafticity, to the motion of the leffer 


body, and fubdudting as much from that 
of the greater body, we fhall have eight 
for the motion of the greater, which 
being divided by two, the quantity of 
matter in the greater, gives four for its 
velocity 3 and we fhall have feven for the 
motion of the leffer body, which, be 
caufe the weight in the leffer is one, 
will likewife exprefs the velocity. 


Ir two bodies meet each other with 
unequal forces, if their weights be equal, 
they will both be reflected, and each of 
them will recede with the force and 
velocity wherewith the other approached ; 
that is, they will exchange their forces 
and velocities. For let us fuppofe the 


motions of the two bodies to be as fix 


and three; if they were non-elaftic, the 
body which has the {malleft quantity of 
force, would upon the ftroke be turned 


back, . 


— 
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back, and the two bodies would be car- 
ried with the difference of their forces 
divided equally between them; that is, 
the force of each would be as one and 
an half, and the force communicated 
would be as four and an half. But a quan- 
tity of force, equal to what is communi« 
cated, mult be fubducted from the force 
remaining in the ftriking or greater 
body, and added to the force of the 
other; that is, four and an half muft be 
fubducted from one and an half, and like- 
wife added thereto, whereby there will 
be three negative for the force of the 
firiking or greater body; which fhews 
that it will be carried back with a force as 
three ; and there will be fix pofitive for 
the force of the other body, which fhews 
that it will be carried with a force which 
is as fix, in the diretion of the ftriking 
body before the ftroke, that 1s, it will be 
reflected; fo that each of them will be 
carried back with the motion wherewith 
the other approached, 


ly 
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Ir the balls be unequal and meet each 
other with unequal forces, their forces 
after the ftroke may in like man- 
mer be determined by the rule. For 
inftance, if two bodies, one weighing 
two pound, and with fix degrees of 
velocity, the other weighing one pound 
with three degrees of velocity, and thefe 
{trike each other in oppofite directions; 
in this cafe, the greater ball will upon 
the ftroke lofe all its force, and the 
{maller will be reflected with the dif 
ference of their forces. For fuppofing 
them non-elaftic, the force in the larger, 
which is two, muluplied by fix, makes 
twelve; the force of the leffer, which ig 
one, multiplied by three, makes three, 
The difference therefore of their motions 
is nine, and this being divided between 
the bodies, in proportion to their quan- 
tities of matter, gives fix for the motion 
of the larger, and three for that of the 
{maller; now by reafon of their elafticity, 
a force equal to what is communicated by 
the ftriking or larger body to the other, 

which 
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which in this cafe is fix, muft be taken 
from the force of the greater body and 
added to that of the {maller, which two 
forces being fix and three, the remain 


der, after fubduction, which exprefles - 


the force of the greater body, will be 
nothing, and the fum arifing from the 
addition, which expreffes the motion of 
the fmaller ball, will be nine. 7 


Arp, that has been afferted here 
from theory, will, upon experiment, be 
found to anfwer pretty nearly. The 
bodies made ufe of in fuch admeafure- 
ments are ivory balls, which difcover 
the greateft elafticity. They are hung 
upon ftrings like pendulums, and then 
let fall from determined heights, which 
heights are adjufted by a fcale. The 
height from which the body falls repre+ 
fents its velocity, the weight and height 
together reprefents the body’s force, 


WHAT has been faid of two elaftic 
bodies, will be found alfo to obtain in 
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the fhock of feveral. For fuppofe feveral 
hung up contiguous to each other, 
(fig. 28.) and the ball 1, be let fall by 
a ftring upon ball 2, the ftroke will be 
immediately and almoft inftantaneoufly 
communicated through the whole range 
of balls, and ball 8 will fly off to a, which 
is an height equal to that from whence 
ball 1 fell. Ifinftead of one ball being 
let fall, we fhould drop two in the fame 
manner, then ball 7 and 8 would both 
fly off tothe fame heights from whence 
ball 1 and 2 were let fall. In the fame 
manner, if we let three fall, three would 
fly off on the oppofite fide, and thus of 
any number whatfoever. The reafon of 
-all this is fufficiently apparent; for if we 
only recollect that each ball, when ftruck, 
alters its figure into an ellipfoide, and by 
this means ftrikes againft that next to it, 
this other communicates the fame to the 
next, that again to its contiguous ball, 
and fo on through the whole range, till 
the laft ball meeting with none other to 
refift it, flies off with the motion of the 

| ftriking 
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ftriking ball, leaving that and the intera 
mediate ones at reft. 


THE force will be thus commhutiicated 
$f the balls are equal; but if the ftrikiag 


ball be lefs than the balls at reft, and if 


thefe increafe in weight one above the 
other in proper order, the force in the 
laft ball that flies off, will be confider- 
ably greater than that of the ball which 
firft made the ftroke ; and this force may 
be increafed to any degree whatfoever, 
For let us fuppofe but two balls only, the 
{maller ball muft upon the ftroke, if it 


wvere non-elaftic, communicate moré . 


than half its force to the greater ball, and 
there muft likewife be, on account of 
elafticity, as much more fubduéted from 
the {maller ball, and added to the larger s 
wherefore, fince two equal quantities 
of force, each of which exceeds half the 
{maller ball’s force, are to be fubduéted 
from the fmaller ball, and given to the 
larger, it is plain that the {maller mutt lofe 
all its motion and fomething more, that 

18, 
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is, it muft recoil back, and the greater ball 
muft go forward with more force than 
was in the fmaller at the time of the 
ftroke, that is, its force will be augmented, 
Now therefore, if a force be communis — 
cated from a fmaller elaftic body to a 
larger, by means of feveral intermediate 
bodies each larger than the other, the 
motion will be augmented in each of 
them, and the motion of the laft wilt 
greatly exceed that of the firft; and this 
force will be conveyed with leaft diminu« 
tion, if the weights of the bodies rife 
above each other fo that the laft be aa. 
- much greater than the former, as that 
is exceeded by the foregoing. As an 
inftance how prodigioufly force may be 
augmented by being fucceflively com- 
municated through a. range of bodies, 
increafing in this progreflion: If twenty 
elaftic bodies be placed one after another, 
each fucceeding body being twenty 
times greater than that next it, and if 
a force be imprefled upon the fmalleft 
body, the laft body will fly off with a 

3 force 
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force two hundred thoufand times 
greater than that with which the {mallet 
body firft ftruck the range. If we 
fhould fuppofe a cannon ball, fhot from 
its culverin, to be elaftic, and ftriking 
with all its force a range of balls, in« 
creafing in the proportion above men+ 
tioned; what an amazing effe& would 
jt not have.. But fuch a fwiftnefs would 
quickly deftroy itfelf; the ball, from the 
refiftance of the air to its paflage, would 
fly into a thoufand pieces; for no ftroke 
that we have an idea of, could equal 
that with which the air, however yield- 
ing it may appear to us, would ac& upon 
a body thus violently carried againtt it. 
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CHAP. XV. 
Of Mechanic Powers. 


HE power which man thus finds 


that one body has of communi-= 
cating its motion to another, has taught 
him to make ufe of fome bodies to re- 
move others which he finds neceffary 
Or proper to be removed. A weight 
greater than what his natural ftrength 
could manage, without fome fuch contriv- 
ance, could never be lifted from the 
earth; he finds himfelf therefore obliged 
‘to call in the force of inanimate nature, 
in making fuch alterations as his plea- 
{ures or neceflities may require. By 
means of levers he lifts weights much 
greater than his ftrength could over- 
come; with the axle and wheel he can lift 
them to greater heights; with the pulley 
to greater ftill; the fcrew, if it could 
move without friction, would give him 
preater force than any of the reft; but a 
- machine compofed of all thefe united, 
would increafe his ftrength to a degree 
~ Vor. I, P fur- 
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furpafling credit. Bifhop Wilkins, in a 
work of his called Mechanic Magic, 
afferts that he could pull up an oak by 
the roots with a fingle horfe hair; and 
fo indeed he could, if the parts of the 
machine did not rub againft each other, 
and thus retard the motion. However, 
even as it is, we fee fuch weights re- 
moved and faifed to confiderable heights, 
as would, to an unexperienced favage, 
appear the work of enchantment. Nor 
were the ancients without a_ great 
knowledge in this art, of increafing 
human ftrength by machinery. The 
ftones which we fee laid upon the tops 
of the pyramids of Egypt, each of which 
is as big as a {mall houfe, create even the 
wonder of a modern machinift, and 
teach him to reverence the fuperior arts 
of antiquity. 


_ WE come now therefore to explain 


the manocr in which human ftrength 1s 


thus affifted, and the inftruments made 
ufe of for that purpofe. Thefe are called 
mechanic 
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mechanic powers, and are faid to be 
fix in number ; namely, the ‘ever, the 
axle and wheel, the pulley, the fcrew, 
the wedge, and the inclined plane. Such 
is the number ufually reckoned; fome 
however mention the balance among the 
mechanic powers, and omit the inclined 
plane; a Frenchman among the moderns 
adds another mechanic power, which he 
calls La Machine Funiculatre. Yt mat- 
ters little what number of mechanic 
powers we make, it is fufficient if we 
defcribe them all. Were whatever in- 
ftrument encreafed human force in 
moving or raifing bodies by machinery, 
to be reckoned among the number of 
- mechanic powers, we might add fiill 
another, namely, fuch a machine as 
would convey a range of elaftic bodies 
increafing in the progreffion, which has 
_ been explamed in the former chapter ; 
this and others ftill might be. added, 
differing in principles from thofe we are 
fhortly to explain. But no matter for 
the names, let us defcribe the things. 

P2 THE 


212 A SURVEY Of 


THE balance, as we faid, is reckoned 
by fome among the. mechanic powers ; 
and though it does not tend to. increafe 
human force, yet it will be the propereft 
to be defcribed firft, as it will ferve to 
explain the reft, which are fomewhat 
upon fimilar principles. Suppofe I take 
any thing that is next my hand, a walk- 
ing cane for inftance, and attempt to 
balance it acrofs my finger; | fhall at 
jaft find fome one particular part in it 
which being fupported, neither of the 
ends will preponderate. The very part 


of it that refts upon my finger is the. 


center of its weight, which being fup- 
ported, the whole cane is fupported. It 
is called by mechanifts the center of gra- 
vity. If I fhould remove my finger from 


this center of gravity, which I have thus 


found out, towards either of the extre- 
mities of the cane, though‘but of the 
{malleft diftance; that fide would fink 
towards the earth which had the center 
of gravity in it. ‘Thus no body at free- 
dom will be fupported, unlefs the 
ae greatelt 
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greateft part of its weight be fupported, 
and whatever fupports that, muft fup- 
port the center of gravity alfo. 


BuT though [ have thus balanced the 
cane with fome {mall difficulty, yet all 
bodies whatfoever that are at reft, are ba- 
lanced in the fame manner; their centers 
of gravity are {upported upon fome bafe 
or prop, which keeps them firm, and 
the wider the bafe is on which the body 
is fupported, the more difficultly will 
that body be overturned. For in order 
to this, I muft firft pufh the center of 


‘gravity, or in other words, the greateft 


half of the body’s weight, from off the 
bafe or prop, before the body can become 
top heavy ; and it is plain, that it will 


be harder to lift the half of the body’s 


weight over a large bafe than a {mall 
one. Ifa cafk be placed upon one of its 
ends, for inftance, it may require great 
ftrength to overturn it, becaufe I muft 
pufh the center of gravity beyond its 


' bafe, which is broad; but if the cafk lies 
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on one fide, Ican roll it over with eafe, 
becaufe the narrow bafe touches the 
ground but alme% in a point, and 
‘therefore the centre of gravity may 
eafily be pufhed beyond it. For this 
reafon it 1s that a cylinder, or body 
fhaped like a rolling ftone, makes many 
turns as it defcends down an inclined 
plane, for the center of its gravity falls 
continually beyond the narrownefs of 
the bafe; while on the contrary, if the 
fame body were made fquare, and con- 

fequently with a large bafe, it would 
either not defcend at all, or it would 


flide down without being once over- 


turned in the way. 


Man himfelf may be confidered as 
a body thus balanced: if his center of 
gravity refts upon his feet he can ftand; 
but if it is thrown beyond this fupport, 
he muft inevitably fall. A man with 
aburthen at his back muft lean forward, 
for fhould he attempt to retain his 
ufyal retitude of figure, his center of 


I ; gravity 
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gravity would be altered, and he mutt 
confequently fall backward. With a 
burthen on his breaft, he in the fame 
manner counter-balances the weight by 
altering his figure in the oppofite pofi- 
tion. Almoft in every inftance of his 
motions he is obliged to make ufe of 
thefe balancing arts to keep himfelf up- 
right; and it is ufually the ftudy of a 
fine painter to known how far the 
human figure may be bent, without its 
abfolutely lofing the center of its gravity. 
Da Vinci, one of the firft painters after 
the revival of the art, has laid down rules: 
upon this fubject; fucceeding painters 
have improved upon his plan: Dom- 
pontus Gaurie, an Itahan {culptor, who 
wrote a Latin treatife upon this fubje@, 
thus admirably expreffes himfelf: Ome 
corpus, nifi extrema fefe undique conti= . 
neant, lbrenturque ad centrum, collabatur 
ruatque, neceffe ef. ** Every body mutt 
neceffarily fall, unlefs it. unites together 
in the center of all its extremes, and thefe 
are balanced againft each other.”? What~ 
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ever weight, faith Watelet, the human 


figure is reprefented as lifting, we are 
by no means to eftimate it by its fize, 
and fo, to make it appear more ponderous, 
to draw it more large; no, we are to 
throw the whole effe@ of its weight into 
the figure that is fuppofed to lift it, and 
diftort the animal form as much from 


the natural pofition, as the weight is 
Suppofed to be heavy, 7 


In general the human body, and every 


other whatfoever, will ftand moft firmly 


where the bafe is broadeft, and bears 


every part of the weight moft equally; or 
in other words, where the center of 


gravity lies moft exa@tly over'the middle _ 
of the bafe, For this reafon, a manwhen . 


he wreftles, generally widens his legs 
in order to widen his bafe, and thus 


‘prevent his antagonift’s ftrength from 


overturning the center of his gravity, 


T Hus we fee man and all other bodies 


balanced upon their centers; the bodies 


which 
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which have the largeft bafes, and bear 
the incumbent weight moft equally, are 


moft firmly fixed; on the contrary, 


thofe which have the {malleft bafes, or 
whofe bodies are fupported but upon a 
point, are leaft firmly placed, and may 
be overturned with the leaft fenfible 
alteration. Now fuppofe we fhould place 
a wooden beam, with its center of gravity 
refting upon the point of an upright 
needle, this would not fall; for as the 
center of gravity is fupported, fo likewife 
would the whole of the beam be. Again, 


’ fuppofe the beam, thus wavering at every 


touch but ftill balanced upon the point, 
to be twice as long on one fide as on the 
other; that is, fuppofe it one yard long © 
on one fide of the fupporting point, 


_(fig. 29.) and two yards long on the 


other. To it, thus balanced as it 18, 
let us hang equal weights at either end, 
a pound at one end, and a pound at the 
other, The balance will now entirely 
be deftroyed; the weight at the longer 
end, which is two yards, will inflantly 

pre- 
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preponderate, and appear to be much 
heavier than the other. Why? The 
ufual folution is this. Suppofe the weight 
at the longer end B, defcends to \, it 


will defcribe a {pace equal to BC, while ~ 


the weight at the fhorteft end A, will at 
the fame time rife only to D, and defcribe 
a fhorter {pace equal to AD, The weight 
B therefore, which defcribes the largeft 
{fpace, will have the greateft velocity, 
But the force of all bodies is compofed 
of the velocity and weight; and as B 
hath as much weight as A, and a much 
_ greater velocity, it will have therefore a 
greater force, and confequently outeba- 
lance its antagonitft, 


Upon this eafy principle, continue 
they, the whole of mechanics depends ; 
fo that if two bodies are fufpended at 
each ‘end of a beam, or any machine 
- Whatfoever, if the one be as much 
fuperior in its velocity, as the other ex- 
ceeds it in weight, the bodies will balance 
each other; if the velocity be greater in 

pros 
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proportion, that fide will fink; on the 
other hand, if the weight be greater in 
proportion, that will preponderate, As _ 
for example: If the fide or arm A of 
the beam he one yard to the prop F, 
while the fide or arm B is two yards; 
as B has thus twice the velocity of A, 


I muft make A twice the weight to 


counterpoife B. If B be one pound, I 
muft make A two pounds, to keep the 


balance equal. So that univerfally to 


make a lighter body out-weigh: an 
heavy one, it is but to make up the 
defects of its weight by increafing its — 
velocity. ‘Thus one pound, if it has 
twice as much velocity, or in other 


words, be twice as diftant from the prop, 


jt will balance a body that is twice as 
heavy as itfelf. A weight of one pound, 


if it be twelve degrees diftant from the 


prop, will balance a weight of twelve 
pounds that is but one degree diftant. 


A COMMON pair of {fcales is a beam 


‘fufpended upon a point of axle, and its 


arms 
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arms are equally long, and equally 
heavy; fo that the velocity on both fides 
is the fame, and alfo the weight is the 
fame; and confequently all bodies of 
equal weights put into either fcale, will 
balance each other. But this, as I faid 
before, will not happen, if one arm of 
the inftrument were longer than the 
other; for then that at the longeft end 
having greater velocity will prepon- 
derate. 


Tue fteelyard is an inftrument of this 
‘kind, contrived for weighing bodies by 
a fingle weight, whofe velocity or dif- 
tance from the prop, we increafe in pro- 
portion to the weight to be known. For 
ifa fcale hangs at A, the extremity of 
the fhorter arm, and is of fuch a weight 
as will exactly counterpoife the longer 
arm C; if this arm be divided into as 
many parts as it will contain, each equal 
to AB, the fingle weight P, which we 
‘may fuppofe to be one pound, will ferve 
for weighing any thing as heavy as itfelf, 
: 4 or 
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or as many times heavier than itfelf, 
as there are divifions in the arm BC. 


Thus we fee that one pound, at the 


diftance of twelve, balances againift twelve 
pound at the diftance of one. 


SucnH is the manner in which me- 
chanifts have ufually explained this fub- 
je; and it mutt be owned that in 
practice it anfwers pretty exactly. Not- 
withftanding this, Newton, fagacious in 
all things, was fenfible that the theory 
fhewn here, was obfcure and unfup- 
ported; he therefore gave a theory much 
more difficult, though much more fatisfac- 
tory. Mr. Varignon and Mr. D’ Alembert 
are equally difpleafed with the former the- 
ory. We have not, {ays the latter, 2 jingle 


work on mechanics, in which the theory 


is proved with the exactitude it requires. 
In fact, to eftablifh the former theory, 
we are obliged to fuppofe two bodies 
equally at reft to have fuperior velocity 
one above the other; though, when we 
are afked what velocity means, it only 

fignifies 
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fignifies their going through more fpace 
in the fame time. Now is it not evident 
that at the beginning of the time, 
neither has gone through any fpace af 
all, and therefore their velocities muft 
be equal. So that fuperior velocity 
cannot be brought to prove why one 
body firft begins to preponderate againtft 
its antagonift of equal weight, yet thia 
is what we defire to know. The theory 
therefore muft be built upon another 
foundation; perhaps it may bé eftablithed 
by the method following. 


WuHuarT I defire to know is, why a beam, : 


with one arm longer than the other, and 
which being placed upon a point of prop, 
is exactly balanced; why, I fay, when 
thus balanced, if I hang equal weights 
at either end, the beam fhall no longer 
continue in balance, but the longer arm 
fhall preponderate? To explain why 
this is fo, it muft again be repeated, 


What was faid of the center of gravity, — 


that all bodies ftood moft frm when the 
- bafe 
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bafe was largeft, and the center of 
gravity was placed moft exa@ly over the 
middle of the bafe. The nearer the edge 
of the bafe the center of gravity fell, 
as was faid then, the readier would the 
body be to fall. If the center of gravity 
fell juft without the bafe, the body would. 
effectually tumble, though only with fo 
much velocity, as the refiftance of the 
bafe, which tends to keep it upright, 
is exceeded by the power that caufes it 
todefcend. Thus the body may be fup- 
pofed as acted upon. by two contrary 
forces, and the velocity muft be in pro- 
portion to the excefs of one force above 
the other; but fmall, becaufe the differ. 
ence between the gravity and the refift- 
ance is fuppofed to be juft begun. Now 
if the center of gravity fell ftill farther 
beyond the bafe, the refiftance of the bafe 
to. the body’s defcent would be fill lefs ; 
for as we faid, the bafe gives moft refift- 
ance when the center of gravity is in 
the middle, and therefore the farther 
the center of gravity is removed from 

. its 
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its middle, the lefs refiftance will it 
give; and therefore the body will be 
more acted upon by the power which 
caufes it to defcend, and_ it will tumble 
with greater velocity. .So that in general 
we may conclude, the farther the center 
of gravity falls beyond the fupporting 
bafe, the fwifter will be its defcent. 


ALL this being premifed, if I now 
inquire why a fmaller weight C, pre- 
ponderates in the balance, though op= 
pofed by a great one A; I anfwer, be~ 
caufe the center of gravity in the beam, 
falls to a greater diftance on the pre- 
ponderating fide C, than A. For let 
us fuppofe the beam F, without its 
weights, but balanced upon its bafe, 
which is but a point. Now if I fhould 
hang a pound at A, this would throw 
the center of gravity, which was before 
at F, nearer to A, and far beyond the 
bafe, fo that A would preponderate. 
In order to oppofe this therefore, I muft 
hang an equal weight of a pound at an 
. equal 


ed 
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€qual diftance from the bafe on the 
oppofite fide at E, which will throw 
the center of gravity as much beyond 
the bafe that way, fo that the center in 
this cafe, a€tuated by two equal forces, 
will ftill remain fufpended over the 
middle of its point or bafe F. But again, 
if we place this equal weight at more 
than an equal diftance, ftill farther to B, 
‘it is evident that it will overcome ite | 
antagonift, and remove the center of 
gravity at a greater diftance from its bafe, 
and that therefore the body muft fall that 
way; and confequently, as we faid 
above, with the greater velocity. We 
may therefore conclude univerfally, 
that if two equal bodies be balanced 
upon a point, and each equally diftant 
from it, ifone of them be removed at 
a {till greater diftance, it will endeavour 
to defcend with greater velocity, the 
farther its center of gravity falls beyond 
the bafe or point on which it refts. Ia 
other words, the bafe or point is thus 
rendered more diftant, and confequently 

VoL. I. Q. _ lefs 
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lefs capable of contributing to the body’s 
fupport. 


From all that has been here faid, we 
at length perceive the weaknefs of the 
former theory, and we now {fee that a 
{mall weight out-balances a greater, 
not becaufe it has a greater velocity, 
but becaufe the prop, which in fome 
mieafure fupports both, fuftains a greater 
part of the large weight that is near, 
than of the fmall weight that is farther 
off. That the body placed at the longer 
end, when put into motion, hath more 
velocity, is moft certain; but this velocity 
was nothing when the bodies were tn 
equilibrium, and therefore could never 
deftroy that equiltbrium: velocity is the 
confequence of motion, not the caufe. 
If it be faid, that the body had a poten- 


tial, or, as Lesdnitz exprefles it, a virtual 


velocity, though not yet exerted; this 
is only faying in a dark and unintelli- 
gible manner, what we have endeavoured 
to throw into greater fun-fhine. 

THIS 
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THIs theory may, with great eafe, be 
applied to the folution of feveral more 
complex propofitions. As for inftance, 
if a man, ftanding in one {cale of a large 
pair | of fcales, and balanced by weights 
in the oppofite, fhould extend his arm, 
and prefs the beam upward with his 
hand, towards the middle, this preflure 
would take effect, although his feet 
feem to prefs downward as much as his 
hand upward; this preffure upward, I fay, 
would raife the fcale in which he ftands. 
For (to difpatch it in a few words) by 
extending his arm nearer the prop, he 
brings the general centre of gravity more 
within the bafe. It is partly owing to 
this, and partly to the elafticity of the 
mufcles employed in the preffure above, 
while the mufcles below have lefs 
employment; and confequently lefs 
elafticity. | 


Tuis theory will ferve to explain the 
proportions that muft be obferved in a 
balance, where one or both the arms 


Q 2 are 
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are crooked. All the mechanic powers 
may be reduced to the balance, this 
theory may therefore, by fome attention 
in the ftudents, be applied to them; it 
is enough here to explain the principle; 
fuch as are fonder of calculations than 
{ am, may make the application. 


THE mechanic power moft allied to 
the balance, and in fact, fcarce differing 
from it, is the Lever. <A lever is a bar 
of iron or wood, one part of which being 
fupported by a prop, all other parts 
turn upon that prop as their center of 
motion. This inftrument is of two 
kinds. Firft, the common fort, where 
the weight we defire to raife, refts at 
at one end of it, our ftrength 1s ap- 
plied at the other end, and the prop 1S 
between both. When I ftir up my 
fire with the poker, I make ufe of 
this lever; the poker is the lever, it 
re{ts upon one of the bars of the grate 
as a prop, the incumbent fire is the 
weight to be overcome, and the other 
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end I hold in my hand, which is the 
ftrength or power. In this, as in all 
the reft, we have only to increafe the 
' diftance between the ftrength and prop, 
to give the man that works the inftru- 
ment greater power: the reafon has 
been already explained at large. 


THE lever of the fecond kind, has the 
prop at one end, the ftrength 1s applied 
to the other, and the weight to be raifed - 
refts between them. Thus in raifing the 
water plug in the ftreets, the workman 
puts his iron lever through the hole 
of the plug till he reaches the ground on 
the other fide, and making that his prop, 
lifts the plug with his ftrength at the 
other end of the lever. In this lever 
alfo, the greater the diftance of the prop | 
from the ftrength, the greater is the 
workman’s power, 


THESE inftruments, as we fee, affift 
the ftrength; but fometimes a workman 
18 obliged to act ata difadvantage, in 


Q_3 railing 
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raifing either a piece of timber or 4 
Jadder upon one end. Wecannot, with 
grammatical propriety, call this a /ever, 
fince fuch a piece of timber in fa& 
no way contributes to raz/e the weight. 
In this cafe, the man, who is the ftrength 
or power, is in the middle, the part of 
the beam already raifed is the weight, 
the part yet at the ground is the prop, 
on which the beam turns or refts. Here 
the man’s ftrength will be diminithed, 
in proportion to the weight it fuftains. 
The weight will be greater the farther 
it is from the prop; therefore the man 
will bear the greater weight the nearer 
he is to the prop. 


THE fecond mechanic power is the 
axle in the wheel, in which the ftrength 
is applied tq the circumference of the 
wheel, and the weight to be raifed is 
faftened to one end of a rope, whofe 
other end winds round an axle, that 
turns with the wheel. (Fig. 30.) This 
inftrument is more commonly ufed with 


- =O. 
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an handle: thus, to wind up a jack I 
turn the handle, which coils the cord 
round the axle in the middle: to wind 
a bucket from a well, I do the fante 
thing; to wind up my watch, the fame: 
the handle in all thefe is in the place of 
a wheel, and the farther this handle is 
from the center, the axle, on which the 
whole weight is fuftained, the more 
powerful will it be. Or if it be a wheel, 
the more its diameter. exceeds the 
diameter of the axle, the greater will be 
its power. Thus, if the wheel be eight 
times as wide as the axle is thick, it will 
have eight times the power; and a man, 
who by his natural ftrength, could only 
lift an hundred weight, by this machine 
will be enabled to Jift eight hundred. 


ONE circumftance with regard to this 
machine I muft not omit: workmen uni- 
verfally affirm, that in raifing weights ta , 
confiderable heights, (to an houfe-tap, 
for inftance) with an axle and wheel, 
they find the weight moft heavy when 

Q4 they 
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they firft begin to wind, and that it 
grows lighter and lighter as it approaches 
the axle. The reafon of this feems to 
pe, that the weight appended at the 
cord, when longeft, is apt to {wing ; and 
if we refulve the whole machine into a 
¢ommon lever, we fhall find that the 
weight to be raifed in this cafe, will, 
by fwinging, either fall at a great 
diftance from the prop, or it will fall] 
nearer the prop, or it will fall between 
the prop and the power. In the firft 
and laft cafe, its feeming weight will be 
augmented, in the middle cafe it will be 
leffened. So that when the weight 
_{wings, there are two to one that the 
weight will appear augmented to the 
labourer; and the greater the {wing, 
the greater will this augmentation be. 


THE third mechanic power is the 
pulvey, which is a {mall wheel that turns 
about its axis, and which hath a drawing 
rope pafling upon it. In every clock, the 
two weights defcend upon two little 

brafs 
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brafs pullies, that fall, and are wound 


up with them. In our kitchen jacks, 
the weights defcend upon pullies in the 
fame manner. ‘The pulley is either 
fixed or moveable, that 1s, it is either 
_ faftened to fome large immoveable piece 
of timber; thus, AA faftened to the 
beam b, (fig. 31.) or it moves with the 
weight to be raifed, thus; if I draw the 
cord E, that paffes over the fixed pulley 
C, I fhall raife the-weight W, and the 
moveable pulley D, will rife as the 
weight rifes. 


A FIXED pulley that only turns on 
its axis and rifes not with the weight, 
can only ferve to change the direétion of 
the moving power, which is in all cafes 
exceedingly convenient. For inftance, 
if the weight W, is to be raifed:to A, 


and the man cannot readily get to it, 


or exert his ftrength when he gets there, 
he has then’ only to throw the cord B 
round the pulley fixed at A; and ftand- 
ing upon the ground, and exerting his 
ftrength at D, he can move the weight 


I W, to 


ev 
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W, to the height A intended. Bue 
though this be convenient, yet it givea 
him no additional power, for it is only 
as the beam of a balance, whofe arms 
are of equal length and weight. Thus, 
if the equal weights W and P, hang by 
the cord BB upon the pulley A, they 
will counterpoife each other, juft in the 
fame manner as if the cord was ftreight- 
ened into an inflexible iron bar, and the 
two weights left to balance each other 
with the pulley for a prop. 


BuT in the moveable pulley it is. 


otherwife; for if a weight W hang at 
the lower end of the moveable pulley D, 
and the cord GF go under the pulley, 
and is fixed at the top of the hook H on 
one fide, and naijled to the block C on the 
other; it is evident that H and C be- 
tween them fupport the whole weight W; 
Fi fupports one half, and C the other 
half. Now fuppofe I take the fupport 
of one of their halves upon myfelf, but 
merely change the direfion of my 
power, and inflead of holding up the 


cord 
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gord at C, throw it over the immoveable 
pulley fixed there, and exert my 
{trength below at P; it will be evident 
that I fupport one half of the weight W, 
and the hook H fupports the other. If 
therefore I draw the cord at P, the 
weight W will continue to rife, but 
wherever it rifes, I continue to fupport 
but half its weight, while H fupports 
the other. Thus, one fingle moveable 
pulley diminifhes one half of the weight 
to be raifed; if we fhould add another, it 
would diminifh the half of that which 
remained, and fo on. For inftance, if 
a weight of eight hundred pounds is to 
be raifed, I ufe one moveable pulley, 
and that will leffen the weight one half, 
to four hundred ; I add another moveable 
pulley, and that will leffen the remaining 
four by one half, which is two hundred; 
if I ftill add a third, that will leffen the 
remaining two by one half, which is 
one; fo that if I ufe three moveable 
pullies in raifing eight hundred weight, 
I fhall be able to raife it with as much 
_ gafe, as one hundred without them. 

As 
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As a fyftem of pullies have no greag 
weight, and lie in a {mall compafs, they 
are eafily carried,- and can be ufed 
in many cafes where more cumbroug 
engines cannot. They have much 
friction however, becaufe the diameter of 
their axis bears a very confiderable pro- 
portion to their own diameter, becaufe 
they are apt to rub againft each other, or 
againft the fides of the block, and be- 
eaufe the rope that goes round them is 
never perfectly pliant. 


THE next mechanic power ufually 
mentioned is the wedge. Thofe wha 
pave feen men cleave timber, cannot be 
at a lofs to know that the wedge is a piece 
of wood or iron, thin at one end and thick 
at the back; that the thin or trenchant 
end is applied to the timber to be-cleft, 
and the thick end ftruck upon by an 
hammer. Mechanifts have long debated, 
and ftill continue the argument, con- 
cerning the force of the wedge. -Ariffotle 
confiders the wedge as two common 

levers 
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fevers inclined to each other, and ating 
in oppofite directions. Guzdo Ubeldus 
refers it to the fecond order of levers; 
others again, refolve its action into that 
of inclined planes; and there are fome 
ftill, who will not allow that the wedge 
gives the ftriker any force whatfoever. 
To fay the truth, there are fo many 
natural obftructions to the illuftration of 
a theory concerning this inftrument, that 
it is almoft an ufelefs matter, to eftablith a 
tule which no experiment can be made 
to confirm. The particular cafes that ob- 
firuét its general theory, are either the 
elafticity of the wood to be cleaved, or 


the elafticity of che hammer that ftrikes, 


or of the wedge itfelf. The manner in 
which the wood yields to the impreffion 
of the wedge, either in being fplit, or 
cut through by at; for if fplit, it only 
touches the wedge on each fide in one 
place; if cut through, the wood lies 


_clofe to the whole furface of the cutter’s 


inftrument. Other confiderations might 
be mentioned, but in fhort, the cafes are 
fo 
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fo various, that no theory can be brought 
to dire&t every experiment ; nor no one 
experiment to confirm the theory. The 
following method of eftimating the 
wedge’s force, feems liable to exceptions; 
As much as the length of the wedge 
exceeds the width of its thick end or 
bafe, fo much will the driver’s power be 
increafed; in overcoming the refiftance 
of the wood to be cleft. If, for inftance, 
the wedge be twice as long as another 
whofe thick end is equally broad; the 
— driver will cleave his wood with twice 
greater force with the former than with 
the latter. To prove this, if we fuppofe 
the wedge driven to its head into a block 
of timber, (fig. 32.) the length of the 
wedge AB will reprefent the fpace 
the driving force is gone through; the 
breadth of the wedge DC, the fpace 
through which it hae been driven, on 
each fide, the refifting force of the 
timber. Now we fee that to drive the 
refifting forces through the {paces C 
and D, a driving power is employed, 
which 
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which goes through the greater fpace 
AB. ‘That is, in fa@, if AB exceeds 
DC, fo much will the driving force, 
which AB reprefents, exceed the refifting 
force. Or in other words, if the length 
of the wedge be greater than its thick- 
nefs, the driver’s power will alfo be 
greater than the refiftance of the timber; 
if the wedge be but juft as long as it is 
thick, the driver will have no advantage 
whatfoever. 


THE mechanic power that comes next 
is the /crew, with which moft people 
are fo well acquainted, that it needs no 
defcription. With this inftrument our 
preffes are ufually driven clofe together 
with furprizing force, and held during 


pleafure in that pofition. It cannot pro- 


perly be called a fimple machine, becaufe 
it calls in the affiftance of the lever to 
increafe its force, which is ufually ap- 
plied in the manner of an handle, to 
turn its focket upon it. (Fig. 33.) To 
eftimate the force of this machine, let us 

{uppofe 
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fuppofe that I defire to {crew down the 
prefs G upon B; every turn I make once 
round with both handles, I fhall drive 
the prefs only one fpiral nearer to B; fo 
that if there be eleven fpirals, I mutt 
make eleven turns of the handles F L, 
before I come to the bottom. In prefling 
down the fcrew therefore, I at with a 
force as much fuperior to the refiftance 
of the body I defire to prefs, as the 
circumference of the circle, which my 
hands defcribe in turning the machine, 
exceeds the diftance between two little 
{pirals of the fcrew. For inftance, {up- 
‘pofe the diftance between the two {pirals 
‘to be half an inch, and the length of 
‘both handles 12 inches. My hands 
placed upon them in going round will 
defcribe a circle, which upon calculation 
will be found to be 76 inches nearly, 
and confequently this will be an hundred 
and fifty two times greater than half an 
inch, which was the diftance between 
two of the fpirals. Thus, if a body is 
te be prefled down with this machine, 

one 
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one man will prefs it with this affiftance, 
as much as an hundred and fifty two 
men without it. Or if the {crew were 
fo contrived as to raife the weight inftead 
of preffing it, which it fometimes is, the 
human force would be aflifted in the 
fame proportion with the fame inftru- 
ment. But we here only talk as if the 
handlés of the fcrew were but twelve 
inches acrofs, and the {pirals a whole 
half inch diftant from each other; what 
if we fuppofed the handles five times 
as long, and the fpirals five times as 
clofe! the increafe of the human force 
then would be aftonifhing ! 


To thefe, which ufually go by the 
_ nameof mechanic powers, and of which 
alone all complicated machines whatfo~ 
ever are fuppofed to be made up, and 
each of which a but with one power 
on the weight at a time; to thefe, I fay, 
Mr. Varignon has added one more, 
which he calls La Machine Funiculaire. | 
This is a compofition of cords, many 
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of which different powers act upon one 
or more weights at the ‘fame time; 
and by which, from their confpiring 
with each other, a greater force is 
exerted than would arife from the fum 
of all the cords, fingly applied to the 
weight to be removed. They who have 
feen the common ludicrous method of 
placing three fpoons upon a table each 
fupporting and fupported, will have 
fone idea of a machine of this nature. 


Some add to thefe powers alfo the 
inclined plane, and indeed not without, 


reafon, if diminifhing the weight of a 
body laid upon it can entitle it to the 
name. The properties of the inclined 
plane we have confidered already ; we 
fhall only here fay, that the more the 
plane 1s inclined, the eafier a body may 
be rolled or forced up its furface ; or in 
other words, the advantage we gain by 
it fo much exceeds the abfolute weight 
to be raifed, as the length of the plane 
exceeds its height. Suppofe CD (fig. 34-) 

7 be 
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be an inclined plane, and fuppofe its 


. whole length be three times as great as 


its perpendicular height F G; in this 
cafe the roller E will be fupported upon. 
the plane, and kept from rolling down 
by a power equal to a third part of | 
the roller’s weight. A weight there- 
fore may be rolled up this plane, with 
three times greater eafe than it could be 
lifted up directly from the perpendicular’ 
G to F. : | 


By one or more of thefe fimple 
powers, all great weights are raifed to 
confiderable heights ; but in them all, the 
more they diminifh the weight, the more 
flow they are in their operations, and 
confequently the more do they retard — 
the workman’s difpatch ; and univerfally 
the more fimple they are, the more ex- 
peditious. Befides this, their friction 
or rubbing againft each other, greatly 


‘diminifhes their power. . The friction in 


the balance is leaft, it is more in the 
lever, increafed in the axle and wheel, 
R 2 yet 
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yet more in the pulley, but moft of all 


in the fcrew. In general, in combined . 


engines, upon account of. this friétion, 
they will require a third part more of 
power to move them, than the theory 
allows. For this reafon therefore, it 
will for ever be impoffible to fulfil the 
boaft of Wilkins, who vaunted that he 


could pull up an oak by the roots with - 


~a fingle horfe-hair; for the force requi~ 
fite to work the machine in pulling it 
up, would nearly amount to a third part 
of the force which the machine exerts. 
The large capftan and pulley, ufed in 
Jaunching a man of war, would in 
theory do it moft effectually. A fimple 
lever, drawn a proper length by the 
imagination, would do it as well; it 
would even fulfil the great boaft of 
Archimedes, it would remove the earth 
itfelf. The learned often amufe them- 
{elves with fancies like thefe; and it 
was for this that Cicero, who was per- 
haps the wifeft man, called Archimedes a 
triller. 
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CHAP. XVI. 
Of Man, confidered as an artificial 


Machine. 
AN has been confidered by 
anatomitts, as a fyftem of all the 
artificial machines. united in the human 
fabric; they have found the lever, the pul- 
ley, the axle in the wheel, the wedge, and 
even the fcrew, or at leaft fomething re- 
fembling each of them, in his perfon: thus, 
his arms have been likened to levers, his: 
head turning upon its axle, the digaftric 
mufcle that afits his fwallowing, to a 
rope running over its pullcy, the glands 
as lifting up their fluids in the manner 
of an artificial water fcrew, and his 
tecth have been compared to wedges. 
But fome have not flopt here, they have: 
gone on not only to pleafe themfelves 
with the refemblance, but to eftimate the 
force of man through all his vital and in- 
voluntary motions, fuch as the running 
BE the blood through his veins, the 
R 3 _ drawing 
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drawing his breath, and fuch like, by 
the inflexible laws of mechanifm. ‘They 
have even applied geometrical rules to 
meafure objects conftantly in change, 
and built theories upon proportions they 
were unable to difcover. Thus when 
Borelli once got the hint of comparing the 
mutcles or flefhy parts. to cords, he then 
readily built this theory, and ‘calculated 
the hurhan force, by confidering the 
thicknefs of the cords, and the length of 
the levér. Thus, when another found 
the fimilitude between the blood running 
through its channels, and water {pouting 
through pipes, he purfued the {fpecu- 
lation, till he at laft was taught to believe 
that vomits would cure a {pitting of 
blood, and bathing in warm water would 
be a remedy for the dropfy ; happy how- 
ever, had his theory never been put into 
practice, 


Ir is as impoffible to determine the 
mufcular force of any man, by the bare 
infpection or admeafurement of his 

mu{cles, 
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mufcles, as it is to meafure the fwiftnefs 
of the circulation of his fluids, by the 
{pouting of his blood from a vein. Neither 
can be done, though C4eyne has pretended 
to demonftrate, that if we compare the 
mufcular ftrength of two animals, that 
animal whofe fluids circulate twice as 
{wift, will be fix times as ftrong. Friend 
and Wamright adopted his demonftration, 
for he called it a demonftration, and 
indeed it was drawn up with a fufficient- 
degree of mathematical parade. Martin 
however, in a treatife entitled de fimilibus 
animalibus, has demonftrated that Ceyne’s 
demonftration was falfe; but it was in 
order to eftablifh another demonftration 
of his own. He aflerted, that the force 
in fimilar animals, was as the cube roots 
of the fourth powers of the limb put into 
motion. The learner will not perhaps 
underftand the precife meaning of thefe 
words, but it is no matter, for his de- 
monftration is as falfe as the former. 


From the mere dimenfions of the 
mufcles in two fimilar animals, it‘is im- 


R 4 poffible 
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poffible ‘to determine their force, The . 


ftrength of the mufcle is generally more 
in proportion to the exercife it has 
been employed in, than to its fize; the 
legs of a chairman are ftronger, the 
arms of a f{mith; in fhort, to ufe the 
words of a bully, in a Spani/hb comedy, 
who miftook his man and was beaten, 
we can never know the ftrength of 
the mufcles, till we experience their 
effects. 


BuT though we cannot determine 
with any precifion, of two men which 
are ftrongeft, yet in the fame man, we 
can compare the force of his mufcles 


with rather more precifion: this at leaft 


can be faid with great certainty, that 
thofe mufclcs which are inferted into the 
bone, neareft to the place where it 
moves upon another, overcome the 
greateft refiftance, and confequently act 
with the greateft force. But to a learner 
this wants explanation. 


ALL 
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ALL our flefh is compofed of mufcles, 
which (if I may ufe a vulgar fimilitude) 


are like red ribbands, and almoift all 


have one of their ends fixed into one 
bone, and another of their ends into 
fome other bone. ‘Thus, if we feel the 
great ham-ftring, which is made up 
of many mutcles, we fhall find that at 
one end it is fixed into the bones of the 
leg, juft under the’ knee, and at the 
other end it runs upwards, partly to be — 
fixed in the great bone of the thigh. 
The mutcles being thus ftretched from one 
bone to another, have a wonderful power 
of contracting and fhortening them- 


 felves at pleafure; and when we chufe to 


put them into action, they fwell in the 


' middle,’ fomewhat into the fhape of a 


ninepin. As thefe mufcles thus contraé, 
they muft neceflarily draw the two bones, 
into which they are inferted, their own 
way; the ham-ftring, when it contracts, 
for inftance, draws the leg backward 
toward the thigh; when we want to 
make the limb {traight, there are mufcles 

inferted 
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-inferted under the fore part of the 
knee, that contracting, anfwer this pur- 
pofe; while, inthe mean time,-the ham- 
ftring fuffers itfelf to be relaxed, in order 
to let the oppofing mufcles take effect. 
This being underftood, it will follow, 
that if we confider any dne of the bones, 
the arm bone for inftance, as a beam, 
and the mufcles that raife it and put it 
into motion, as thé power that agitates 
and works the inftrument, the whole 
will give us the idea of the third kind of 
‘lever, where the prop is at one end, the 
weight to be fuftained at the other, and 
the ftrength is applied between them 
both. Thus for inftance, if I ftretch 
out my arm, the prop is in the joint of 
my. fhoulder, the weight is my hand, 
and the raifing power is the mufcles, 
which are fixed into the arm bone near 
the fhoulder, and go from thence to be 
inferted into the bones of the trunk of 
my body. Now the nearer the fhoulder 
thefe mufcles are inferted into the arm 
bone, it is evident that the longer will 

3 be 
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be the lever, againft which they are to 
act, and confequently the greater will ap.- 
pear the weight which they are to fuftain. 
To make this quite plain, fuppofe a ladder 
were laid flat on the ground; and fup- 
pofe that I ftanding at one end, take the 
neareft round of the ladder in both my 
hands, and thus pulling back attempt ta 
raife the fartheft end, keeping the neareft 


end ftill fteady to the ground. Would 


not this require immenfe ftrength to 


effect? Pretty fimilar is the force that the 


mufcles of the arm exert in raifing the 
whole length of the arm, and the weight 


of the hand befide. They are inferted . 


into the bone clofe to the fhoulder, and 
fupport the whole length of the arm in 
the defired dire@tion. But what is-more, 
they do not only act upon the lever at fo 
difadvantageous a diftance, but alfo they 
a& upon it in a direction the moft 
oblique, and confequently at a greater 
difadvantage ftill. Suppofe I attempt 
to raife the diftant end of the ladder by 
pulling the round neareft me; this, as I 

faid, 
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faid, will be very difadvantageous: bue 
fuppofe yet farther, that I fhould firf 
lie upon my back, and then by drawing 
the next round tome of the laddcr, I 
fhould attempt to raife the diflant end; 
the force that would be capable of effea- 
ing this, would be incredible. Yet in 
this very manner it is that the mufcles 
of the fhoulder act, ia railing the arm. 
They-.are not only inferted at the greateft 
diftance from the weight, but they exert 
their power the moft obliquciy. The 
force they exert in keeping the hand and 
arm extended is great; the force they 
exert in keeping it extended, while the 
hand holds a weight of about twenty 
pounds, is aftonifhing. Some fay that 
thefe mufcles, upon equal terms, would 
lift a weight ten thoufand times greater. 
What has been here faid of the mufcles 
of the arm, is true, in a greater or 
Iefs degree, of all the mufcles of the 
body; fo that this natural machine, 
thus fafhioned by the Great Workman, 


is infinitely more powerful than any 
artificial 
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artificial machine that man could form, 
though it tock up four times the fpace. 


Tue mufcles, as we faid, are fup- 
ported by bones; thefe make altogether 
a fingle pillar or column, which though 
not perfectly ftraizght, but with about 
five different curvatures or bendings; 
yet when perfectly balanced upon itfelf, 
will actually fipport weights that would 
furprife the inexperienced. La Hire, 
and Defaguliers give us feveral accounts 
of the amazing weight fome people have 
fuftained, when they were able to fix 
the pillar of their bones directly beneath 
it. The latter tells of a German who 


fhewed feveral feats of this kind at 


London, and who performed before the 
King and a part of the royal family. 
This man, being placed in a_ proper 
fituation, with a belt which refted upon 
his ‘head and fhoulders, and which was 
fixed below to a cannon of four thoufand 
weight, had the props which fupported 

the 
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the cannon taken away, and by fixing 
the pillar of his bones immoveably 
againft the weight, fupported it with 
feeming unconcern. There are few that 
have not feen thofe men, who, catching 
a horfe by the tail, and placing them- 
felves in direét oppofition to the animal’s 
motion, have thus ftopt the horfe, thoagh 
- whipped by his rider to proceed. In all 
fuch cafes, the pillar of the bones is 
placed in direct oppofition to the weight; 
they fupport each other, and are pre- 
vented from rubbing or cracking by 
elaftic griftles fixed between each bone; 
thefe give way a little upon great 

preflure, and reftore themfelves almoft 
~ inftantly, when that is removed. Befides 


thefe, there is a-vifcous or flimy hquor | 


that is {queezed in, as if from a fponge, 
between every joint, and keeps thefe 
griftles {mooth, moift, and pliant. By 
means of this fluid, all the joints move 
afily, and obey the impulfe of the 
mufcles with greater difpatch. This 
fluid, and the griftles (or cartilages, as 


anato- . 
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anatomifts call- them) contribute not a 
little to the ftrength of the animals. 
‘they’ refift the burthen with an elaftic 
force, and conform themfelves. to the 
inequality of the preffure. In‘ old age 
both are diminifhed, the griftles become 
hard, and this liquor (which anatomifts. 
call the fynovia) is f{queezed out in lefs 
quantities. ‘The man therefore, in old 
age, becomes more ftiff and more weak, 
chiefly upon this account, though partly 
becaufe his mufcles become then alfo 
more rigid, hard, and lefs flefhy, as it 
is ufually called; as thofe who have eaten 
the flefh of old animals know. While 
we are at reft, this fluid, or fynovia 
above mentioned, oozes out between 
the joints, to fit them for the hour of 
action; when in exercife, the ends of 
‘the bones prefs againft their griftles, 
and thefe are feparated in fome meafure 
by the fynovia or fluid; but there is ftill 
another liquor of an oily nature, which 
is preffed at the fame time from a {mall 
flefhy {ponge, placed in every joint, and 

this 
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this mixing with the fynovia, makes all 
fupple and fit for bufinefs. I faid, that the 
fynovia or wifcid liquor oozes out between 
the joints in the hour of reft; it is there+ 
fore in greatcf{t quantity between them, in 
the morning, after we have taken our 
reft the precéding night. So great 1s the 
quantity ufually feparated during fleep, 
betwecn the joints of the back bone, 
that fome men are an inch taller in the 
morning than at night, and all men are 
fomewhat taller, as may be quickly 
found by any who chufe to make the 
experiment upon themfelves. 


From what has been faid it appears, 
that in carrying large burdens, the 
whole art confifts in keeping the co- 
lumn of the body as dircctly under the 
weight as poffible, and the body as up-. 
right under the weight as we can. For 
if the center of gravity in the burthen, 
falls without this column, it will go near 
to fall; in fad, if the fupportcr were an 
inanimate machine, it would fall inevi- 


tably ; 
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tably.; but human power, in fome mea- 
fure, catches the center while yet be- 
ginning to defcend, and reftores the 
balance which it had loft the moment 
before. A man balancing under a weight, 
refembles oné of thofe people whom 
we ufually fee walking upon a wire; they 
totter from fide to fide, for a moment 
lofe the center of gravity, but by throwing 
forward a limb or diftorting their bodies _ 
they recover it again, to the great amufe- 
ment of every {pectator. It is thus, that 
he who carries a weight is obliged to a&t; 
on whatever part of his body the weight 
“1s placed, he balances it by throwing as 
much of his column beneath the load as 
he can. Could the weight be laid and 
evenly balanced upon him, ftanding in his 
natural pofture, he could, as we obferved 
before, fupport an incredible burthen; and 
though he could not move under what 
he could thus fupport, yet he could carry 
a much greater load, than if the burthen 
were laid in any other manner. The 
weight a man could fupport, when thus 

Vou. I. S evenly 
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evenly laid upon his fhoulders, would 
break the back of the ftrongeft horfe in 
the world. The reafon is obvious.. In 
a man, the whole column of bones fup- 
ports the weight direCtly ; in an horfe, 
the weight is laid upon the column 
crofs ways. The porters of Con/tan- 
tinople are known to carry each -a 
weight of nine hundred pounds; they 
. lean upon a ftafF while loaded, and are 
unloaded in the famemanner. The por- 
ters of Marfeilles in France are found to 
carry yet more; their manner is this: 
four of them carry the burthen between 
them, each having a fort of hood that’ 
covers the temples and head down to the 
- fhoulders; to this is faftened the cords 
that fupport the frame or bier, on which 
the weight is laid. ‘By this contrivance 
the whole column of the bones acts 
directly againft the load, and an 1mmenfe 
weight is thus fuftained. | 


WeE now therefore at length fee the 
reafon why two men carrying a load 
between 
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between them, can fuftain a greater 
weight than what either could fepa- 
rately carry, if it were divided into two 
equal parts. The reafon is, that two 
men can bear the load each more upright, 
and with the column of their bones more 
oppofed againit it. 


As man bears a weight the better, the 
more upright he ftands againft it, it 
muft follow neceflarily, that the more 
bendings he makes in fupporting weights, 
the lefs will be his power. ‘There are 
three principal bendings in the human 
column; the firft at the hams, the fecond 
at the hips, and the third along the back 
bone, which refembles the ofier in 
pliancy, though it be ftronger than the 
oak. A man of ordinaty ftature and 
ftrength, upon an averace, has becn 
computed to-weigh an hundred and 
fixty pounds; he can fupport, as we 
faid before,, an immenfe ‘weight if his 
_ column acts directly againft it; if he 
bends a little at the hams, fuch a man 
| S 2 may 
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may raife from the ground about an 
hundred and feventy pounds, provided 
the weights are placed to the greateft ad- 
vantage. If he bends at the hips and 
back, he will lift thirty pounds lefs. If 
a weight be placed upon his head, and he 
be put between the rounds of a ladder 
_ placed horizontally and breaft high, he 
can lift thirty pounds by the ftrength of 
the mufcles of his fhoulders and neck 
alone. 


From this we fee, that human ftrengtlt 
is not the fourth part as great when the 
body is bent, as when it is upright. 
From this alfo we fee, that if a man 
draws a load after him, as in that cafe 
all his mufcles a& in an oblique direCtion, 
he can exert but very little force, when 
compared to other animals. - Defaguler 
pretends to fay, that an horfe can draw as 
much, upon an average, as five Engh/A 
workmen. ‘The French writers fay, 
Dr. Barthes in particular, that an horfe 
can draw as much as fix Frenchmen, or 

| | feven 
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feven Dutchmen; but if the load were to 
be placed upon the fhoulders, two men 
will be found to be as ftrong as an horfe. 
A London porter fhall carry three hundred 
Weight at the rate of three miles an 
hour; two chairmen carry an hundred 
and fifty pounds each, and walk at the 
rate of four milcs an hour. Whereas a 
travelling horfe feldom carries above 
two hundred weight, and a. day’s 
journey with fuch a load, would be apt 
to difqualify him from travelling the day 
following. 


Man’s greateft force therefore, is 
directly upward; if he draws a load, he 
muft act at a difadvantage. A man how- ° 
ever, when obliged to draw a load, a 
rolling ftone for inftance, hath two | 
methods of doing this. He may either 
turn his-back to the ftone, and pufhing 
the frame with his breaft, thus go ons — 
ward, while the ftone rolls after; or 
he may turn his face to the ftone, and 
go backward, drawing the ftone with 

So 3 him, 
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him. This laft method may be the moft. 


inconvenient, but it gives the workman 
much the greateft fhare of power, and 
that for two reafons, In the firft place, 
by inclining farther back, he can give a 
greater column of his body to the draft ; 
and in the next place, a greater number 
of his mufcles come into action; particu- 
larly the two great deltoid mufcles of 
the arms, the force of which is very 
great. It is for this reafon that men 
who row a boat,’ more ufually draw the 
ogr to them, than pufh it from them, 
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CHAP. XVII. 
Of Wheel Carriages. 


BY Y what we have feen of man con- 

fidered as a machine, it is eafy to 
obferve that his frame is not adapted 
to drawing carriages ; while on the con- 
trary, in that of an animal upon all fours, 
‘ the column of whofe bodies, and the 
jituation of whofe mufcles,. act almoft 
directly upon bodies placed behind them, 
they are perfectly fitted by nature for 
this kind of fervice. Horfes are ufually 
employed inthe draft in England; 
mules, oxen, fheep, and other animals 
are fometimes ufed in other parts of the 
world. It might incur ridicule if we 
pretended to inform the learner that each 
of thefe will draw a weight or carriage 
in proportion as they are ftrong. But 
notwithftanding this is generally the cafe, 
yet we are going to mention what will 
{eem a paradox; namely, that two horfes 
-may be found, one ftronger than the 
S 4 \ other, 
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other, and alfo better {killed in the draft, 
yet the weaker fhall draw a weight, 
with the very fame carriage, the ftronger 
one could not remove! This will be 
effected, if the weakeft horfe be the hea- 
viclt; if he exceeds his antagonift more 
in weight, than he 1s exceeded in 
ftrength. We have obferved in a former 
chapter, that the weight re-adts or pulls 
back the horfe, as much as the horfe 
acts upon the weight to pull it forward. 
Now the horfe has two fources of power 
in drawing the weight along; his ftrength, 
which gives him velocity, and™~ his 
weight, which added gives force; and 
it is evident that the horfe which hath 
both in the greateft proportion, will draw 
the heavieft weights. If we fhould ima- 
— gine both horfes raifing an equal weight 
from a deep pit, and this weight ftill 
increafed, fo as to overcome their 
ftrength, it is plain that the lighteft horfe 
would fooneft be drawn in. We have 
feveral inftances in ordinary practice, of 
the great benefit of increafing the horfe’s 
weight, 
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weicht, to promote his draught; for in 
many places, horfes employed in turning 
a mill have a fmall load laid upon their 
backs, which, though it takes away fome- 
thing from their velocity, adds to their 
weight, and confequently increafes their | 
force. | 


But fuppofing the ftrength, fkill and 
weight of two horfes to be the fame, all 
the difference then in their drawing the 
fame weights, will arife from the com- 
modioufnefs of the machine, in which 
they draw. Ifthe load they are to drag 
after them be breaft high, they can draw 
it with much greater eafe than if it lay 
along the ground. They can, for inftance, 
draw much greater draughts, - if’ the 
weights,are laid upon a fledge as high 
as the horfe’s fhoulders, than if the 
fame weights were laid upon a low fledge 
on the ground. For in the firft cafe, 
the column of their bodies acts direétly 
again{t the weight, in the latter it acts « 
obliquely ; and we have fhewn before, 

that 
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that the more dire@ly this column can 
act, the greater is its force. Even in 
either going up hill or down hill, the 
{ledge breaft high is more commodious 
than that laid low. For if the low fledge 
-38 dragged up an hill, it is plain that it 
will be then lower, with refped to the 
horfes, than it was before, and confe- 
quently they will be obliged to draw it 
more obliquely upwards, than when 
they drew it along the plain. If on 
the contrary, the low fledge is drawn 
down an hill, it will then be higher 
with refpeét to the horfes than when 
on the plain, and therefore their power 
of drawing it will be greater; but in 
going down an hill, its own gravity 
con{pires with the draught, and willalfo 
help the toad to defcend, fo that the 
horfes in this cafe are permitted to exert 
their greateft power where there is the 
leaft neceflity; they can draw the low 
fledge down hill with all their power, 
when by the natural defcending of the 


load, they are not permitted to exert it. 
3 _ This 
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This dogtrine however, fimple as it is, 
is different from what is ufually taught 
by mechanifts, upon this fubjed. 


SLEDGEs were probably the firft ma- 
chines ufed in carrying loads; we find 
them thus employed in Homer, I mean 
in.the original, in conveying wood for 
the funeral pile of Patroclus. There 
are fome countries alfo, that preferve 
their ufe to this day. However, men 
early began to find how much more 
eafily a machine could be drawn upon 
a rough road, that run upon wheels, 
than one that thus went with a fliding 
motion. And indeed, if all furfaces 


were fmooth and even, bodies could be 


drawn. with as much eafe upon a fledge 
as upon wheels; and in Holland, Lap- 
land, and other countries, they ufe 
fledges upon the {mooth furface of the 


ice; for ‘as every furface upon which 


we travel, is ufually rough, wheels have 
been made ufe of, which rub lefs againft 
the incqualities than fledges would do. 

: In 
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In fact, wheels would not turn at alf 
upon ice, if it were perfe&ly fmooth, 
for the caufe of the wheels turning upon a 


common road, isthe obftacles it continually . 


meets. For if we fuppofe the wheels to be 
lifted trom ose gecand, and carried along 
in the air, the whecls in this cafe would 
not turn at all, for there would be 
nothing to put any part into motion 
rather than anothers; in the fame manner, 
if they were carried along upon perfectly 
fmocth ice, they would mect nothing 
to give a beginning to the circulatory mo- 
tion, and all their parts would reft equally 
alike. But if we fuppofe the wheel 
drawn along a common road, then the 
parts will receive unequal obftructions, 


_ for it meets with obftacles that retard it at ' 


bottom, therefore the upper part of the 


wheel, which is not retarded, will move 


more {wiftly than the lower part, which 
is; but this it cannot do, ‘unlefs the 
wheel moves round. And thus it is, that 
the obftacles in the rough road caufe this 
circulatory motion in the wheel. 

| THIS 
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Tuts rotation of the wheels about 
their axle, very much diminifhes that 
frition which always attends the weight’s 
being drawn along upon a fledge; and 
this in fo great a proportion, that ac- 
cording to He//bam, a carriage drawn by 
four wheels, will be drawn with five 
times as {mall an effort as one that flides 
upon the fame furface in a fledge. Still 
more to diminifh the friction in wheel 
carriages, a countryman of our own hath 


found out an expedient, whereby the . 


axle, contrary to what is ufual in moft 
carriages, is made to turn round, and 
its gudgeons or ends, inftead of preffing 
againft the boxes as in common wheels, 
are made to bear on the circumference of 
moveable wheels; fo that by this con- 
trivance, a number of parts are made to 
roll one over the other, which flided 
before: fuch wheels, from their thus 
diminifhing the friction, are called 
friction wheels. We {hall enter no 
farther into their theory or ufes; the 
fingle infpection of the machine itfelf 

would 
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would throw more light upon the fabjet 


than we could do i in pages. 


Tuus we fee how much a wheel 
carriage aflifts the horfe in drawing, 
fuperior to a fledge or any other machine 
without wheels. Now if we compare 
wheel carriages with each other, and we 
defire to know whether large or fmall 
wheels are beft in a machine; the an{wer 
will be, that large wheels are eafieft for 
_ the horfe, but {mall wheels fafeft for the 
rider. A large wheel has a double ad- 
vantage over a {mall one, either in fur- 


mounting obftacles, or in depreffing . 


them. To prove this, let us fuppofe two 
wheels, (fig. 35.) A and B, the one large, 
the other {mall. As the circumference 
of both may be confidered, like all other 
circles, as compofed of a number of 
right lines; we may fuppofe both 
endeavouring to overcome the obftacle 
C, with the fpoke of either confidered 
as levers, the large wheel with a lever 
equal in length to Bg, the fmaller with 

| a lever 
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a lever equal to Fg. But the longer the 
lever, the greater the moving power is 
increafed; it is evident therefore, that 
the horfe drawing at DB, where the 
lever is long, will have far greater power 
to overcome the obftacle, than if he drew 
at FE, where the lever is fhort, and 
therefore the larger wheel has the 
advantage. ‘The horfe will draw fuch a 
wheel with greater eafe over the obftacle, 
or prefs the obftacle down into the 
earth with greater force. As wheels 
cannot always run upon hard ground, 
but muft frequently meet with holes, in 
which they partly fink; in this cafe alfo 
the large, wheel will have the advantage 
over the fmall, for it preffes a larger 
furface upon the finking earth, and it 
will not therefore fink fo deep; thus a 
man can eafily thruft his finger into 
foft clay, but it will give more refiftance, 
fhould he attempt to thruft his fift. 


_ Larce wheels have the advantage of 
{mall wheels, in having lefs fri€tion 
| round 
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round their axles ; for if the {mall one 
turns an hundred times in going over a 
certain piece of road, the larger wheel will 
not turn by any means fo often to travel 
the fame length, and the lefs the wheel 
turns, the lefs will the friGion be. And 
this frequency of turning required in 
fmall wheels, as ‘alfo the greater obfta- 


cles they continually meet with, is the - _ 


reafon why they are more frequently 
out of order, and ftand in need of repair 
- much oftener than the large, 


LasTLy, large wheels have the ads 
vantage of fmall wheels, by better 
directing the load againft the column of 
the horfe’s body, either in going up or 
down hill. Ifthe horfe draws the load 
up hill, the wheels being large, raife 
the weight, more directly to be acted 
upon by the column of his body; if the 
horfe goes down hill, the wheels being 
large, raife the weight high above the 
horfe’s power, and confequently thus 
diminifh his power; but then it is at 

a time 
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a time when he hath leaft occafion 
to make ufe of it, for the load in 
fome meafure will then defcend of 
itfelf *. . 


Tuus in almoft every inftance, with 
tefpect to the draught, large wheels aré 
preferable to: the fmall, and therefore we 
hieceflarily expec to find all our coaches, 
waggons, and ‘other fotr wheel car- 
riages, -have the fore wheels as large 
as the hindet.. If a waggoner is afked 
the reafon why this is not fo, his anfwer - 
is, that by making the foremoft leaft, 
the hinder wheels thus drive on the firft. 
This however is by no means the true 
reafon; the fore wheels are made thus 
{maller than the hinder, both for the 
conveniency of turning with greater eafe, 
and becaufe the carriage being thus fup- 


* T take no notice here to the young ftudent, 
concerning the preference of fmall wheels in going 
up afcents, for which there are fome pretended 
demonftrations; my reafon is, that thofe demon- 
frations are falfe, 
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ported upon unequal wheels, it. will be in 
lefs danger of overturning. They thus 
alfo avoid cutting the braces or ftraps, 
by which the horfes draw. In heavy 
waggons however, where the neceflity . 
of turning is but feldom, and the danger 
of overturning fcarce any, and the braces 
are removed at a. diftance, if the fore 
wheels were made as high as the hinder 
ones, it would be fo much the better, 
As it is however, waggoners fhould lay 
the load equally upon all the. wheels; 
but on the contrary, they are univer- 
fally found to lay the ereateft part of 
the load upon the two fore wheels, 
which not only makes the friction 
greateft, where it ought to be leaft, but 
alfo prefles the fore wheels deeper into the 
round than the hinder ones, which we 
obferved before, were moft apt to fink, 
without this additional difadvantage. 
The only danger that might refult from 
the waggon’s being evenly loaded would 
be, that in drawing up fteep hills, the 
Joad might be apt to fall backward, and 
thus 
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thus tilt up the fore wheels of the carriage. 
This might eafily be remedied, by a ma- 
chine placed under the fore part of the 
waggon, which, upon the carriage’s going 
up hill, might be fo contrived, as to let 
fink the foremoft end of the load, and 
thus keep ~ whole ftill even. 


Ir, now only remains to fay fome- 
thing with refpe& to the breadth of the 
wheels. Some have infifted that broad 
wheels are beft for the draught, and 
build their affertions upon theory and 
experiment; others, on the contrary, and 
the whole bedy of carriers in particular, 
taught by experience, give the preference 
to the narrow. The determination of 
this difpute muft be left’ to others, more 
fkilful in waggons and broad wheels 
than I can pretend to be; a word or two 
will fuffice. If we fuppoft the broad 
wheel to have three times the breadth of 
the narrow wheel, it will meet with three 
times as many obftacles by the way, but 
the narrow wheel will fink three times as 
deep; the queftion therefore is, whether 

T 2 three 
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three times the obftecles at the furfacé 
of the ground, is greater or lefs than 
-three times the obftacle beneath the fur- 
face? The an{wer will be, that the three 
obitacles at the furface will be much 
é¢afier removed than the three beneath 
it; for they lie lighter, and are fooner 
thruft out of the way. But however 
this may be in theory, in experience 
it is. otherwifé; for the narrow wheel 
does ot fink three times as deep as the 
broad, becaufe the earth hardens by the 
preffure under it, as it defcends; on the 
tontrary, the broad actually. encounters 
three times as many obftacles.: Flowever, 
though the latter may not be fo good for 
the carriers, yet they are certainly good for 
the roads, and therefore for the public in 
general. Private difadvantage muft ever 
be poftponed to public utility. 


“Txvus much will fufice upon the 
principles of mechanifm in general; to 
enter upon a defcription of particular 
artificial machines, would be both unin 
ftru@ting, and indeed foreign from the 
| \ purport 


> 
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purport of a fcience, that pretends only 
to explain the wonders of nature. To 
give any idea of machines, plates would 
be requifite, and even fuch would make 
but an obfcure impreffion, The beft 
way to underftand the arts of machinery 
is, to view them as they really exift, 
to vifit the fhops of artificers, or the 
yards where great works are carried on. 
To be a good mechanift would take up 
a whole life, and the art is rather 
perfected by practice thantheory. For 
inftance, theorifts have long debated 
what is the proper angle of obliquity, 
by which the fails of a wind-mill are 
to be regulated and fixed, and whether 
they are to be elliptical, or on the con- 
trary oblong: pradtice at prefent feems 
_ to follow the opinions of neither fide; the 
fail 1s made to bofom upon the wind, like 
the fail of a thip, In fhort, the principles 
of mechanifm may be learned in books, 
the art muft be acquired by experience. 
Several volumes have been written upon 
the fubje@ ; fhould we, upon the prefent 

( T 3 occafion, 
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occafion, enter into a defcription of but 
a few machines, we muft neceflarily fay 
either too little, or too much: too little 
_ to give the learner an adequate idea of 
any of them; too much for an elementary 
treatife upon natural philofophy.. 


A 
i 
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CHAP. XVII. 


Of Friction and the Refftance of Fluids, 


HROUGH the whole former 
theory of motion, we have fup- 

pofed that machines did not rub againft 
each other, and {fo interrupt their mutual 
workings. We fuppofed that all the 
planes on which they moved were even, 
all the levers inflexible, and that the air 
gave no refiftance: but in nature this is 
not the cafe; for all thefe are impediments 
which it is impoflible wholly to overcome. 
As we have eftablifhed the theory how- 
Ever, it will now be eafy to confider the 
nature.of thefe refiflances, how far they 
diminifh motion, and to make an abate- 
ment in proportion, in the working of 
any machine, or in the, collifion of one 


body againft another. 


- Howesver ‘plane and fmooth bodies 
may appear to our fight, yet if we exa- 
mine their furfaccs through a micto- 

T 4 {copes 
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{cope, we fhall difcover numbertefs 
inequalities. ‘Fhefe inequalities are the 
caufes of fridtion in two bodies, that 
move in contact with each other; the 
little rifings in one body ftick themfelves 
into the {mall cavities of the other, in the 
fame manner as the hairs of a brufh run 
into the inequalities of the coat, while 
it is brufhing. If the bodies. flide one 
over the other, the little rifings in one 
body in fome--meafure tear, or are torn 
by the appolite depreffions jnto which 
they had been driven, fo that fliding 
bodies move with difficulty. If, on the 
contrary, they roll over each other, then 
the {mall rifings fall perpendicularly each 
into tte focket, and are. lifted out of it 
again, without any rupture in the 
furface of eithér body whatfoever, 


IT is no eafy tafk to meafure. precilely 
the quantity of motion that any two 
bodies will lofe by thus rybbing one over. 
the other; ‘even though we knew that 
the workman: had pouner: both the 
: furfaces 
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furfaees to the higheft pitch of his art ; 
though we knew the dimenfions of each 
furface, and ftill more, though we knew 
the exaét preffure in each body; it is 
almoft impoffible, I fay, in this cafe, 
precifely. to tell how much the friction 
between thefe two bodies will alter any 
former theory. ‘Thus for inftance, fup- 
pofe I throw a f{mooth cord over a fixed 
pulley, and hang a pound at one end of 
the cord; then if I have a mind to out- 
balance this, I hang a pound and a 
grain at the other end of the fame; but 
though in theory, this pound and grain 
would out-balance the other, yet in fa& 
it will not; it will not ftir the former, 
becaufe the friCtion of the cord is yet to 
be overcome. If I then afk what is the 
precife additional weight requifite for 
evercoming this fri€tion, all the anfwer 
a philofopher can make is, that he has no 
general rule for this, and that he cannot 
tell what weight will fuffice, till he tries 
the particular cafe. It is true, he may guefs 


‘pretty nearly, but ftil] it will be but 


guefling, 
Ip 
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Ir I'am to guefs at the quantity of 
motion that is loft in any machine, 
by the rubbing of two bodies one againft 
the other; I -muft firft confider the 
roughnefs or {moothnefs of the furface ; 
I muft next confider how great the force 
is, that preffles the two rubbing bodies 
together; I muft then find out with what 
{wiftnefs they move one over the other ; 
and laftly, 1 muft take into my account 
the largenefs of the two furfaces that 
are thus rubbed together. 


WITH regard to the f{moothnefs of 
the two rubbing bodies, it. is very 
evident that the fmoother they are, the 
lefs will: be the friction, and for this 
reafon; in all machines where there is 
much friction of the parts, fuch as in 
the nave of a wheel, in the axle of a 
pulley, and fuch like, they are greafed 
with oil to fill up the cavities and rifings, 
and thus to facilitate their fliding with 
eafe, furface over furface. 


WITH 
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WITH regard to the preffure of the 
furfaces againft each other, all philofo~ 
phers allow, that where the furfaces are 
prefled hardeft together, their friction © 
will be greateft; the fri€tion, for inftance, 
in the nave of a waggon wheel, where 
the preffure is proportioned to the load, 
will be greater than the friction in the 
wheel of an ordinary poft-chaife, that 
carries much lefs weight, and the furface | 
will require to be fmeared oftener. Now 
fuppofe it fhould be afked, if we dou- 
ble the preffure, whether we ftill increafe 
the friction alfo in the fame proportion ? 
It is not eafy to anfwer this. Amontons 
of the academy of fciences of Paris, and 
Defaguhers our countryman, think in 
the affirmative, and fay, that friction 
conftantly increafes with preffure, and 
that double preflure will caufe a third 
part more fridtion. Thus for inftance, 
if there be a machine, in which to over- 
come its friction, will require two mens 
ftrength, if we double this load, it will, 
they fay, require three men to overcome 

| 4 the 
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the friftion; if we double that again, 
‘it will require fix men; and fo forth. To 
fupport this affertion, they bring feveral 
experiments, tolerably exact, and very 
plaufible—Moft philofophers had come 
into their fentiments, till Mu/chenbrook of 
Leyden, and Camus, by contrary experi- 
ments, induced them to fufpend their 
aflent. ‘They have fhewn, by more 
accurate preparations, that by the fame 
preflure, fome bodies have greater fric~ 
tion than others, that the friction will be 
very different if the furfaces are {meared 
with oil, or if with tallow, or with 
water. Thus the experiments of thefe 
two latter philofophers differ greatly 
from the preceding; but unfortunately, 
they differ as much from each other, 
All therefore that we can generally cone 
clude from the experiments of each 
of them is, that friction is increafed the 
more the furfaces are preffed together; 
but we cannot exadlly tell, if by increaf- 
ing the preffure, the friction increafes 
in a fimilar proportion. 

| To 
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To bring our conjectures nearer to 
certainty, in meafuring the quantity of 
motion loft by friction, we muft- next 
confider the fwiftnefs with which the 
two furfaces are rubbed together. Muf 
chenbrook affures us, that from {feveral 
experiments he has made (though he 
does not tell us what thofe experi- 
‘ments are) the -fri€tion increafes in 
proportion to the {wiftnefs with which 
the furfaces glide over each other; Nolet 
is of the fame opinion; they only differ 
_ in this, that the former thinks increafing 
the {wiftnefs to a great degree, will 
ftilt increafe the friction the more; 
the latter fuppofes, that the friGion 
hath its bounds, and after the fur- 
faces come to a certain degree of 
fwiftnels, though their velocity be then 
increafed never fo much, yet there will 
be no increafe of friction. Should we 
afk the opinion of a common carrier of _ 
common underftanding upon this-fubjed, 
he would affirm the very contrary of 
what the two laft mentioned philofophers 
3 have 
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have afferted. He would fay, that if his 
wheels were well greafed, the {wifter 
they went, the eafier they were upon the 
horfe, and the lefs would be their fri€tion : 
Euler of Berlin is of the very fame 
opinion. In fa&, let us compare the 
inequalities of one furface going {wiftly 
over the depreffions of the other, to 2 
chariot wheel, drawn violently over the 
inequalities of a ftony road; we have 
often feen that beforé it well could get 
to the bottom, in defcending from the 
top of one ftone, it is drawn up to the 
top of another, fo that in fact, it had 
thus a lefs obftacle to encounter, than 
if drawn flowly along; for thus it fearce 
had time to fink between the two obfta- 
cles, with the whole force of its gravity. 
It is juft thus in the cafe under confider- 
ation’; the-fwifter the furfaces move, 
the more theit mutual preffure is dinii- 
nithed, and confequently, the lefs deep 
will the inequalities of one furface infert 
themfelves into the depreffions in the 
other. The truth of this theory Euler 
hae 
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hhas.confirmed by experiment, as may be 
feen in the Memoirs of the Berlin Aca- 
demy for the year.1748, that upon the 
whole, the fwiftnefs rather diminithes 
than increafes fridtion. 


7 LasTLy, in. eftimating how much a 
machine is retarded in its workings.by 
frittion, we are to confider the largenefg 
of the two furfaces that rub each other ; 


and to firft thoughts it would feem, that 


as the inequalities of the furfaces are the 
principal caufe of friction, if we aug- 
mented the extent of thefe inequalities, 
we fhould alfo augment the friGtion; fo 
that if the furfaces were doubled, the 
friction would be doubled in the fame 
manner; if the furfacts were made — 
three times as great, the friction would . 
be made three times as great alfo. How- 
ever, this 1s by no means the cafe, the 
increafe of friction bears no degtee of 
equality to the increafe of the furface ; 


fo that I may often make the furfaces ten 


times as large, and yet the frition shall 
| not 


4 
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not for all. this become four timés ai 
great. De/aguliers and Amontons are 
of opinion, that we may increafe the fur 
faces to what degree we pleafe, and yet 
their friction would ftill temain the fame. 
For, faid they, to make the inequalities 
of a large furface, fink into the depref- 
fions of the oppofite furface, will require 
a force of preflure, in proportion to the 


number of the inequalities. ‘The numbet 


of inequalities is greateft in the largeft 
f{urface, and therefore, if the preffure in 
the large furface, be no greater than in 
a fmall furface, the inequalities of the 
large furface will be preffed in with lefs 
force, and fo not fink fo deep as they 
will in the {mall. In two bodies there- 
fore, prefling each other in large furfaces, 
though the preffure is more diffufed, yet 


it is not fo deep; and confequently, con+ 


tinue they, the refiftance they give to each 

other’s motion will not be increafed by 

merely increafing the furface only. This 

theory, as we may eafily conceive, would 

have but few partizans, if it were unfup- 

ported 
4 
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ported by experiments. Feeble experi- 
ments were produced, to fupport a feeble 
theory ; but both gained ftrength when 
united, and convinced many, whom 
either, fingly, could not perfuade. 
Mujfchenbrook was the firft who oppofed 
this erroneous theory, and that with an 
experiment that was inconteftible. He 
afferted, that by increafing the furfaces _ 
of two bodies fliding over each other, the 
friction was alfo increafed. For, continued 
he, if we take two {mall pieces of a deal 
board f{moothed and polithed, one piece 
a foot long and an inch broad, the other 
a foot long and two inches broad, and 
if we lay the fame loads upon both, 
taking into confideration the weight of 
the boards themfelves, the largeft, he 
aflures us, will be always found to move 
with greateft difficulty; a proof of its 
receiving greater obftacles from frition. 
Thus it appears, that increafing the 
furface will increafe the friction, how-~ 
ever in no very confiderable degree; for 
it often happens that the friCtion is not 

Voi. I. U thus 
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thus increafed a fifth part greater, when 
the furface becomes twice as great. 


In a word re in eftimating the 
beft manner of diminifhing the friCtion 
in any machine, if we fuppofe all the 
parts {miooth and well oiled, it will be 
found, that the lefs the preflure is upon 
the rubbing furfaces, or in other words, 


the lefs the load lies upon the parts that — 


move, the lIefs will the force of the 
machine be retarded by friGion; the lefs 
extenfive the rubbing furfaces are, the 
lefs alfo will be the friction. . But then 
this confideration of the furfaces, is by 
no means equal to: that of the preffure: 
for if we double the preflure, we fhall 
go near to double the friction; on the 
other hand, if we double the furface, 
this will give but a very inconfiderable 
addition to the friction, fo that we may 


reft affured, that a doubled preffure pro-— 
duces more friction than a doubled fur- » 


face. Liaftly, the {wifter the bodies 
move over each other, the lefs will they 
rub, 
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tub, and therefore fri@tion will be more 
diminifhed in a machine that goes faft, 
tharf in one that moves flow. 


FRICTION is to be taken into confider= 
ation in the working of every one of the 
mechanic powers, and as it is incom~ 
modious i in fome, fo it is beneficial and 
convenient in others; the lever, the 
pulley, and the axle in the wheel, are 
retarded by this; while, on the contrary, 
our operations by the wedge and fcrew, 
would be impofhible to be performed | 
without it. For in the wedge, when it _ 
is driven into the cleft by the force of 
the hammer, if it were not kept in the 
eleft by the power of friction, it would 
be driven back again by the refifting 
power of the timber. In the {crew, 
when we had preffed down a refifting 
body, by the excefs of power we had 
over it, this body, upon our preffure 
being removed, were it not for the force - 
of friction, would drive the fcrew back 
again, and we fhould fee the fcrew. 

U2. turning 
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turning up again, with much greater 
velocity than that with which it was | 


forced down. 


THE theory of friction, if perfealy 


underftood, would be of infinite fervice 


to fociety ; for then we might calculate 
with the greateft exactnefs, the force 
with which any machine would move, 
and the number of hands it would re- 
quire to work it. Befides this, geome- 
tricians might make their calculations on 
feveral mathematical problems with 
greater precifion, as in Brachyfto- 
chrones, Ifochrones, and fuch like; 
this would be a great pleafure to them, 
though of little advantage to fociety. 
Some .of our own countrymen have 
taken pains, to afcertain how much 
friction fome woods have more than 
other woods, and fome metals more 
than others. The friction is found to be 


preater between fmall deal boards, 


than oak; it is much greater between 
plates of lead, than plates of brals. 
fs It 
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It were indeed to be wifhed, that if pof- 
fible, this part of natural philofophy were 
cultivated with more afliduity; and as 
we have tables for fhewing the different 
denfities of bodies, fo we might have 
tables for fhewing their different frictions 
alfo. It muft. be owned however, that 
a work of this kind would require 
affiduity in the experimenter, and ercat 
accuracy in the meafuring inftrument. 
Inftruments have already been contrived 
for this purpofe, but moft of them too 
faulty to be built upon. Mu/chenbrook’s 
inftrument for meafuring friction, is 
reckoned the beft; to him we refer the 
reader for its defcription. He'calls ita 
Tribometre, a name compounded un- 
grammatically enough, but it means 
a meafurer of friction, The great 
defect of this inftrument is, that a part 
of the force employed in turning the 
difk, is fpent in twifting the cord that 
holds it. | 


BEsIDEs the obftructions all machines 


U 3 find 


204 4 SURVEY of 


find from fri€tion againft each other, 
‘there is another by no means to be 
 difregarded, which they receive from 
the air. That the air gives great refift- 
ance to bodies pafling through it, every 
one muft have experienced; and that 
this refiftance is increafed, the {wifter 
the body is moved, and the larger the 
furface is expanded, which is carried 
through it. Who does not know, that 
if I fpread a fan, and move it too and 
fro, it will find more oppofition from 
the air, than if I furled it up, and only 
brandifhed the fticks. A man on horfe- 
back, if he goes in a calm day, with an 
ealy gentle motion, will perceive no 
wind ; but if he puts the horfe upon a 
full gallop, it will appear to him as if he 
rode in a ftorm; for he pafles fucceffively 
from one body of air to the other, and 
whether he dafhes againft the air with 
violence, or the air dafhes with violence 
againft him, as in an high wind, it will, 
with refpect to his fenfations, have the 


fame effect. 
Now 
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Now fhould I defire to know the 
exact refiftance of the fame air, upon 
two bodies of exactly the fame kind, but 
different weights; fuppofe, for inftance, 
how much a leaden bullet of two 
pounds, would be refifted more than a 
leaden bullet of one. This queftion can- 
not be refolved exactly, without the geo~ 
meter’s help. I may anfwer in general 
. indeed, that the bullet of two pounds — 
will meet as much more refiftance’ from 
the air, as its furface is greater than the 
furface of the other. But to determine 
this is not fo eafy, as fome may at firft 
imagine. For to calculate exactly how 
much refiftance the air will give to a 
body oppofed to it, we muft know 
exaCtly how much is the tenacity of the 
air itfelf, that is, how much its parts 
ftick together, how far its parts are 
elaftic, how far its parts clofe round the 
body that paffes through them, and 
laftly, what part of its furface the 
moving body prefents to oppofe it. We 
know not enough of the air, to determine 

U4 | thefe 
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thefe points with any precifion; the dif- 
cuffion of each particular makes the moft 
abftrufe parts of {peculative geometry. | 
Huygens difcovered by experiment, that 
in bodies moving through a fluid, if the 
body moved twice as faft, it met with 
four times as much refiftance as before; 
if it moved four times as faft, it met with 
eight times as much refiftance, and fo on. 
This experiment he attempted ta prove 
by theory, (for theory moft ufually 
follows experience) but finding himfelf 
unequal to the tafk, he left it for Newton 
to perform. Newton’s demonftrations 
are too abftrufe to be inferted here, and 
indeed they do not feem eftablifhed upon 
a bafis equally firm, with the reft of his 
difcoveries; for this reafon they have 
been controverted by fome of the greateft 
geometricians of the age. Pemberton has 
undertaken to explain the dodtrine of 
Newfon upon this difficult fubje@, as 
follows; though we muft obferve that 
the reader will by no means fee Newton 
himfelf through the medium of this 

expla~ 
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explanation. ‘ The principal refiftanee 
which moft fluids give to bodies, arifes 
from the inaCtivity of the parts of the 
fluids, and this depends upon the velo- 
city with which the body moves, on a 
double account. In the firft place, the 
quantity of the fluid moved out of the 
place by the moving body in any deter- 
minate {pace of time, is proportionable 
to the velocity with which the body - 
moves; and in the next place, the velo- 
city; with which each particle of the fluid 
is moved, will alfo be proportional to 
the velocity of the body: therefore, fince 
the refiftance which any body makes 
againft being put into motion, is pro= 
portional both to the quantity of matter 
moved, and the velocity it is moved 
with; the refiftance which a fluid gives 
on this account, will be doubly increafed, 
with the increafe of the velocity in the 
moving body; that is, the refiftance 
will be in a two-fold or duplicate pro- 
portion of the velocity wherewith the 
body moves through the fluid.” That, 

as 
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as we faid above, if the body moves 
twice as fwift, it will meet four times 
the refiftance. Such will be: the cafe 
of a body moving through a non-elaf- 
tic fluid; but the air is elaftic (as we 
fhall fee when we come to treat of its 
properties) and therefore it muft refift 
ina different manner. ‘“ If the elaftic 
© power of the fluid,” continues Pem- 
. berton, “ were to be varied, fo as always 
*¢ thus doubly to refift the velocity of the 
* moving body, it is then fhewn (by 
‘© Newton) that the refiftance derived 
s¢ from elafticity would increafe in the 
© fame proportion, infomuch that the 
« whole refiftance would be in that pro- 
“¢ portion, excepting only that {mall part 
«© which arifes from the friction between 
“¢ the body and the parts of the fluid. 
‘© From whence it follows, that becaufe 
“¢ the elaftic power of the fame fluid 
‘© does in truth continue the fame, if the 
§* velocity of the moving body be dimi- 
“« nifhed, the refiftance from the elaftir 
s+ city, and therefore the whole refift- 

2 ance 
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§* ance will decreafe in a lefs proportion 
6 than the duplicate of thé velocity; 
*¢ and if the velocity be increafed, the 
‘¢ refiftance from the elafticity will 
‘© increafe in a lefs proportion than the — 
*¢ duplicate of, the velocity; that is, in 
‘© a lefs proportion than the refiftance 
“© made by the power of inactivity of 
*¢ the parts of the fluid.” Upon the 
whole, as this is a fubject that more 
particularly belongs to mathematicians, 
with them we fhall leave it; only ob- 
ferving, that by a train of reafoning, 
Newton has proved that a globe moving 
through a fluid, fuch as air, that clofes 
behind the body as it moves, fuffers 
but half the refiftance which a cylinder 
will do of equal diameter, if it moves 
endways; and in general, let the fhape 
of the bodies be ever fo different, yet if 
the furfaces with which they cut the 
_ air be equal, the bodies will be equally 
refifted. Thus, in the motion of an 
arrow, if the furface, with which it 
cleaves the air end foremoft, be as fmall 

as 


300 A SURVEY of 
as that with which a bullet cleaves 
the fame, it will meet with no greater 
refiftance. 


WE have now feen, though obfcurely . 


enough, that if a body moves twice as 
faft, it will meet nearly four times as 
much refiftance from the air, and that 
fome forts of furfaces are more refifted 
than others. But this difference of {urface 

however, caufes but very little alteration 
~ inthe air’s refiftance; fo that phyfically, 
though not geometrically fpeaking, we 
may fay, that the greater the furface of 
a body oppofed to the air, the greater 
will be the refiftance. A body which 
has twice the furface of another, when 
moved along, will ftrike twice as many 
columns of air in its way, and confe- 
quently will meet with twice the refift- 
ance. Bodies however that have a 
great deal of weight under a {mall fur- 
face, will meet witha very trifling refift- 
ance, compared to the force with which 


they move. For to make this very plain, 


fuppofe 
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fuppofe an hollow pafte-board globe were 
fhot from the mouth of a cannon, the 
refiftance it would meet from the air, 
would be in proportion to its furface, 
as we faid before. But now fuppofe it 
to be filled with an hundred leaden 
bullets, each as heavy as the globe itfelf, 
and fhot forward; the refiftance it would 
meet from the air, would be no greater 
than before; but there would be an 
hundred bullets within it, that met 
with no refiftance from the air what- 
foever, therefore the whole of the globe 
would: move forward with all its parts, 
-an hundred times lefs refifted than when 
it was hollow. ‘Thus, though light and 
heavy bodies meet a refiftance great or 
little, as their furfaces are large or {mall, 
yet the power that heavy bodies have 
of overcoming this refiftance, is much 
greater than that of the light. The force 
that has driven the heavy body forward, 
was imprefled upon all its parts, the force 
of the air that refifts it, is merely impref- 
{ed upon the parts of the furface alone. 
FROM 
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From all this therefore it appeard, 
that the fmalleft bodies having the 
preateft furfaces in proportion to their 


weights, are moft refifted in their prow — 


grefs through the air. From this it 
appears, that a body reduced to powder 
can be thrown but to a very {mall 
diftance, the refiftance being great, be 
caufe the bodies in motion are but {mall. 
A fowler who fhoots with {mall thot, is 
fenfible that the charge can carry it but 
a fhort way, if compared to the diftance 
to which a bullet would go. Should the 
furfaces of all the grains be united under 
one general furface, and the whole be 
melted down into a fingle ball, this would 
proportionably diminifh the furface, 
this would diminifh the air’s refiftance, 


and this would carry the charge to a ~ 


more diftant mark. From this it appears, 
that a body thrown from the hand 
will go fartheft if it does not divide by 
the way ; for its divifion multiplies the 
furfaces, and the furfaces increafed, fo 
alfo is the air’s refiftance. 
THUs 
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Tuus far we have fpeculated, as if the 
body to be moved was only in motion, 
and the air was quite ftill and motionlefs. 
This however it feldom is; we always — 
perceive fome wind, and there is almoft 
ever enough to point the weather-cock. 
In this cafe therefore, a body moving 
againft the wind has a double refiftance 
to overcome, its own inertnefs to motion, 
and alfo the motion of the air. For 
this reafon, the motion of the body will 
be retarded in proportion as both thefe . 
refiftances are increafed: if a race-horfe 
fhould carry his rider with as much rapi- 
dity againft a ftrong wind as he does in 
a calm, the jockey would not be able to 
endure its impulfe; but this he ts unable 
to do. 


From all that has been faid of 
friction, and a fluid’s refiftance, we fee 
how vain it is to expect that a body. will 
_ move for ever; fince if we could fuppofe 
an infinite force to put it into motion, we 
here fee a refiftance continued infinitely 

to 
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to controll it; and where two forces 
are equally infinite, they will deftroy each 
other. We might perhaps, upon the 
principles of mechanifm, contrive fuch 
a machine as would move, if unrefifted 
by external preflure; this we muft fup- 
pofe, if we allow the firft principles of 
philofophy, which take it for granted, 
that all motion if once begun, would, 
if uncontrolled, continue for ever. A 
pendulum, if its machine never required 
winding up, would in this fenfe be a 
perpetual motion; but fuch machines 
for pendulums have-never been hitherto 
difcovered, and they might anfwer but 
few ufeful purpofes upon the difcovery. 
In fact, the perpetual motion is now 
{fcarce fought for by any; we even hear 
the name now little ufed, except in the 
mouths of thofe half witted people, who 
are faid by the vulgar to have gone mad 
with too much learning. 


— ~~ 
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CHAP. XIX, 


Of Water. 


% MONG fluids, water feems to 
claim the firft place; its proper- 
ties are more obvious than thofe of air, 
for even the ignorant allow water to b¢ 
a fluid fubftance, but few of them will 
grant air, which they do not fee, to have 
any fubftance whatever. Its fervices to 
mankind alfo give it the preference to 
other liquids, and are well known; but 
it is not our bufinefs to declaim upon 
its ufes; let us as far as we can explain 
its nature. 


HlowEveER fluid water may feemy 
and unrefifting to the touch, yet few 
_ bodies can be found, the parts of which 
are more hard. If it be put into a globe 
of metal, and the hole be then foldered 
up with care, no art, no power nor 
force on earth can prefs it into a {maller 
compafs than it oceupied before. We 

Vou. IL Xx can 
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can condenfe metals into a fmaller 
compafs, hard as they appear, but 
water cannot be condenfed. If our 
attempts be profecuted with violence, 
the metal, and not the water, will give 
way; for the fluid will drive through 
the pores of the globe, and ftand like 
dew upon its furface. 


Nor is the hardnefs of the parts of 
water lefs proved, by the pain it gives 
upon ftriking its furface pretty f{martly 
with the palm of the hand. Many alfo 
who have leaped into water, from the 
battlements of high bridges, have been 


cruelly undeceived with regard to the | 


unrefifting qualities of this fluid; the 
fhock the body fuftains in this rude ex- 
periment, is inexpreffibly violent. But 
it is no way extraordinary that the body 
fhould feel pain in the confli@ ; for if a 
leaden bullet itfelf be difcharged from 
a gun, into the water, this feemingly 
unrefifting fluid will actually flatten 
the ball. 

But 
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But whatever force water may have 
while its parts remain together, is 
nothing, if compared to thé almoft in- 
credible power with which its parts 
are eridued, when they ‘are reduced to 
vapour by heat. Thofe fteams which 
we fee rifing from the furface of boiling 
water, and which to us appear fo feeble, 
yet, if properly conducted, acquire im- 
menfe force: In the fame manner as 
gunpowder has but {mall effeét, if fufs 


fered to expand at large, fo the fteam 


iffuing from water is impotent, when it 
is permitted to evapdraté into the air; 
but when confined in a narrow com: 
pafs, as, for inftance, when it rifés in 
an iron tube fhut up of every fide, 


‘it then exerts all the wonders of its 


Rtrength: Mu/chenbrook has proved by 
experiment, that the force of gunpowder 
is feeble, when compared to that of 


‘rifing fteam. An hundred and forty 


pounds of gunpowder blew up a weight 
of thirty thoufand pounds; but on the 
other hand, an hundred ‘and. forty 

X 2 pounds 
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- pounds of water, converted by heat into 
fieam, lifted a weight of feventy-feven 
thoufand pound, and would ftill lift a 


much greater, if there were means of | 


giving the fteam greater heat with fafety ; 
fot the hotter the fteam, the greater 16 
its force. 


-_ Upon this principle of the irrefiftible 
force in the {team of boiling water, one 

of the moft forceful and noble machines. 
has beer{ completed in our days, that 

ever appeared among the inventions of 

mechanifm. _ It is called the fteam engine, 

a machine by which the force of fteam 

ig made to anfwer all the purpofes of the 

united ftrength of hundreds. The force 

of ftcam may thus be applied to the 

working of exceffively large machines, 

which would require a moft expenfive 

‘fhare of bodily labour to manage. The 
fame force may be applied to the railing 
immenfe weights, to the fatigue of 
which, animal ftrength would be un- 
equal; in fhort, wherever great force 

and 
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and. perfeverance are wanted, thefe en< 
gines can effectually lend their afliftance, 
The moft ufual purpofes however, to 
which the force of fteam has been ap- 
plied, are in working pumps to. clear 
the water from mines, or raifing it 
to proper heights for the fupply of cities. 
Philofophers were long acquainted with 
the great force of fteam, and Papin 
actually contrived an inftrument, fome- 
what refembling the fteam engine now in 
ufe, but in miniature. But yet this in- 
~ ftrument of Papin’s contrivance, was 
only a fubje&t of fpeculation to the 
curious; though long before him the 
marquis of Worcefter had affertcd the ufes 
to which the force of fteam might be 
converted, in a machine for raifing water. 
Still however neither the principle nor 
its utility were generally known, fo that 
the honour of the compleat difcovery 
and ufe of this machine, which is incon- 
teftably the greateft production of the 
prefent age, was referved for two ob- 
{cure but fenfible citizens of plain under= 

X 3 ftanding, 
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ftanding, which 1s ever the beft. Mr, 
Newcomen an ironmonger, and Mr. ‘fohn 
Cowley a glazier, inhabitants of Dart- 
mouth, are the perfons to whom we are 
indebted for this furprizing engine, 
which has been of more fervice to man- 
kind than the invention of algebra. 
The principle on which it is founded is 
only this: Inftead of working an enor- 
mous water pump with bodily labour, 
the fteam may be fo applied as to drive 
up the arm of a pump rod, and the 
power of fuction will ferve to draw it 
down again; fo that the arm, thus alter- 
nately raifed and depreffed, lifts the 
water in the pump, which flows out at 
top, at the rate of above three hundred 
‘and twenty hogfheads in an hour. 


BuT to give the learner a fuperficial 
idea of this machine, ‘let us imagine a 
‘common pump prepared, fuch as we 
every day fee, and that we want to move 
the handle of this pump upward, by 
the force of {team only. In the firft place, 
, | let 
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let us fuppofe matters may be contrived 
fo as that the handle, or fomething joining 
to it, may go into the barrel of a gun, 
or fome fuch hollow tube, fet upright 
over a cauldron containing boiling 
water. Next let us fuppofe, that the 
fteam may be let into the tube at plea- 
fure, through the touch-hole; now as 
the fire begins to dilate the fteam, a part 
of it will enter the tube at the touch-hole, 
and this will prefs up the pump handle 
which fills the tube very exactly, and 
would drive it quite out at the mouth, 
but that by the time it gets near the 
mouth of the barrel, there is a contriv- 


ance by which a little cold water is 


{pouted into it, and this effeCtually de- 
{troys the fteam at once; and thus it 
finks to the bottom of the barrel and~ 
leaves it perfectly empty. The air there- 
fore without will now come into play, 
and prefs down the handle again into 
the empty tube, into which no fteam 1s 
permitted to enter, by a contrivance 
that flops up the touch-hole below; 
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but when the handle is thus preffed 
down, the touch-hole below is again 
opened, and new fteam entering again, 
preffes the handle upward; when the 
handle comes toward the top, the fteam 
is again cooled and deftroyed as before, 
and the handle again is prefled down 
by the external air; and thus it is alter- 
nately preffled up and down, and works 
the pump with unwearied affiduity. 


Sucu is the force of vapour, and a 
part of the ufe to which it may be ap- 
plied. But although the ftronger the fire, 
the greater the force of the vapour, and. 
the greater its quantity alfo, yet no fire 
how fierce foever can give water above 
a certain degree of heat; for as foon as 
it boils, we may increafe the fire in the 
moft vehement manner imaginable, yet 
the water will not get one whit hotter 
than before. The greateft heat water 1s 
capable of receiving, being meafured by 
the themometer, juft amounts to two 
hundred and twelve degrees; at that pitch 
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it begins to boil, and increafing the fire 
afterwards ferves to promote its evapo- 
ration, but not to increafe its heat, 
However, though it becomes no hotter, 
yet its power of diffolving the texture 
of fubftances thrown into it, is increafed 
by increafing the heat beneath; for by 
this means, the parts of the water ftrike 
with more force upon the parts of the 
body, and thus fooner deftroy their 
" arrangement, 


As water begins to boil, it is ufually 
feen to bubble; the lefs it is prefled by 
the atmofphere above, the more. it 
bubbles, and in the void it bubbles very 
readily: if the furface of boiling water 
be therefore covered with a fluid, which 
prefles like the atmofphere upon it, the 
bubbling, or as itis ufually called, the 
boiling over of the water will be thus 
prevented. The more tenacious or gluey 
any fluid is, the more in this manner 
it is apt to boil over; however, if any 
lighter fluid 1s thrown in which will 

2 | prefs 
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prefs down the bubbling furface, and 
thus make an artificial atmofphere, if I 
may fo exprefs it, this will prevent the 
dangerous effects of the overflowing 
fluid. Boiling fugar thus is apt to run 
over; but this is prevented by throwing 
in a piece of butter, or fome fuch like 
fubftance, which {preading, floats upon 
the furface, and keeps the other fluid 
from rifing. 


THE caufe of this ebullition in boiling 
water, the caufe of the furprizing force 


of its vapours when driven off by heat,: 
the caufe of the yielding fluidity’ of its 


parts; thefe are utterly unknown, and 
in this refpect we mutt be contented like 
geographers, to give the map of a coun- 
try, without knowing its real produc- 
tions. Some afcribe the bubbles in 
boiling water to the air endeavouring 
to get free, and thus affuming a {phe- 
rical figure. Others afcribe them to the 
parts of the water itfelf, reduced into 
thin plates by the interpofition of the 

3 parts 
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parts of the fire, For the firft, waters 
purged of their air by former boiling, 
bubble as much as thofe which. have 
all their air ftill remaining; as to the 
fecond, the denfeft liquors bubble leaft, 
fuch as mercury, yet thefe admit of 
a much greater proportion of fire be-~ 
tween thejr parts to reducethem te thin 
plates, than lighter fluids. Thefe, and 
feveral other phanomena of this fluid, 
are all equally inexplicable. Thus we 
know that water extinguifhes fire: Why? 
Mu/fchenbrook will tell us, that the fire 
confumes and feeds upon bodies, only 
becaufe they contain a quantity of oil: 
That this oil, when fet on fire, has an 
heat of fix hundred degrees, that the 
greateft heat of water is only two hun- 
dred and twelve degrecs, fo that water 
muft cool the oil, and fo extinguifh the 
flame. This would be a very plaufible 
folution, did we not find that water often 
makes a fire burn with ftill greater force, 
when thrown in {mall quantities upon 
it; fo that in fuch a cafe, water, mixed 

with 
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with this imaginary oil, makes it burn 
fiercer. | 


WaTER, like every other fubftance 
with which mankind are acquainted, is 
never found fimple and unmixed; though 
it be diftilled never fo often, yet it will 
have an earthy fediment at the bottom 
of the veffel, in which the procefs is 


performed. We have an account of the ~ 


different fubftances with which it is 
ufually mixed, in Boerhaave; but one 
more accurate ftill, has lately been given 
us by Margraff, a German chymift. A 
hundred German meafures, or about 
fifty Englj/b quarts of rain water, gave, 
upon diftillation, an hundred grains of 


a yellowifh white earth, .a few grains of | 


nitre, and fome of common falt. The 
greate{t care was taken to have the water 
pure and unpolluted, yet ftill 1t exhibited 
this heterogeneous mixture. Thefe falts 
were evident demonftrations that the 
fame water alfo contained oil, and there- 
fore if fo, it muft have been upon that 
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account fifbjeft to putrefaction. For 
this purpofe, Margraff expofed it for 
fome time to the weather, and at about 
the end of one month, he perceived a 
kind of internal fermentation, and a 
greenifh fubftance began to ftick to the 
bottom and fides of the glafs, refembling 
the mantle of a ftanding pool; its {mell 
was difagreeable, but it was near three 
months before it was perfectly putrefied ; 
a proof that the oil it contained was in 
much lefs quantity, than in the gene- 
rality of other fubftances, -which rot 
much fooner. Snow water exhibited the 
very fame appearances, but upon the 
diftillation, rather furnifhed more earth, 
and lefs nitre; a pretty evident proof 
that nitre is not the caufe of the congela~ 
tion of water into {fnow, 4s fome have 
imagined. In fhort, in this naturalift’s 
experiments, {now water feemed equally 
foul with that of rain water; contrary 
to.the experiments of Brerhaave, and 
many of our own countrymen, who have 
taught us to regard {now water as more 
pure than any other. : 
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SPRING water is generally pure or 


polluted, in proportion as the earth 
through which it happens to ftream, is 


_ impregnated with minerals or falts, 


which it is capable of diffolving. 'Thofe 


waters which come through or over beds 


of falt, or layers of ore, take a ftrong 
tincture from either, from whence we 
have fpaw waters of different kinds. 
Thofe that are ftrained through a fandy 
foil, free from faline or metallic fub- 
ftances are much more pure. 


- Rivers in general fufnifh pure water . 
in proportion to the purity of the foun= © 


tains by which they are fed, ‘or the 
nature of the fail through which they. 
flow. The largeft rivers have in general 
the moft unpolluted ftreams; the Indus, 
the Rhine, and the Thames, all produce 
the fofteft and pureft waters, mot 


pleafing to the diftinguifhing palate, and 


leaft liable to putrefaction. 


As water, when thus mixed with 


weighty faline and metallic principles, 


mutt 
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muft be neceffarily more heavy than 
when perfectly pure; fo in many cafes, 
the weight of water will ferve to 
diftinguifh its purity. The moft pure 
water will in general be the lighteft; but 
we muift not depend upon this as'‘a rule, 
for often a putrefcent oil is mixed in- 
timately with the fluid, particularly when 
it flows over fat and unctuous beds of 
earth; this in a {mall quantity mixes 
with its fubftance, diminifhing its weight 
at the fame time that it increafes its 
tendency to putrefaction. 


OF all kinds of water, that in ftagnant 
pools is the moft impure and noxious 
to the conftitution. Water ferves as a 
diffolvent to almoft every fubftance that 
is thrown into it; in this manner falts, 
metals, plants, ordures of every. kind, are 
all generally mixed together in thele 
places, and make one mafs of corruption, 
equally difpleafing to the fenfe, and in- 
jurious to the health. | 
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T 1s water however, may be ufed in 
cafes of neceflity: but there is: ftill a 
larger ftore of this fluid, which nature 
feems not to have allotted for the ufe of 
man, I mean the falt waters of the fea. 
Thefe, as we well know, contain falt in 
very great quantities, together with a 
bitumen, perceivable both to our tafte 


and fmell; thefe falts being much 


heavier than water, and being .diflolved 


in it, give the contents of the ocean | 
that fuperior ftrength and weight which 


frefh water cannot equal. Where frefh 
water fupports a body of a thoufand 
pounds, fea water will fupport, all other 
circumftances the fame; one of a thou- 
fand and thirty pounds. 


HERE again new queftions arife, for 
which philofophy has not yet found a 
fatisfactory folution; Whence is it that 
the fea water is charged with faltnefs, 
while that of rivers is mild, frefh, and 
fit for human purpofes? Some, inftead 
of giving a caufe for its. faltnefs, have 


offered 
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effered reafons to fhew that it is fit the 


fea fhould be falt. Wanting, fay they, 
the motion which rivers have, it would 


be apt to putrefy by its natural ftagna~_ 


tion, but falt preferves all fubftances 
from putrefaCtion, and therefore it pre« 
ferves the waters of the fea alfo. This 
is falfe: the fea is prevented from ftag- 
nating by many caufes, as for inftance, 
the tempefts and tides give it continual 
motion; and when fea water actually 
ftagnates, it putrefies like freth. 


Halley rejeQing fuch a puerility, fub- 
ftitutes one of his own: he thinks that 
tivers wath down all this falt from 
the earth into the ocean; and that 
at firft, the fea water was as frefh as that 
of the rivers themfelves. This is not 
true: the ocean 1s ten times as large as 


the earth; falt makes a fortieth part of 


the ocean. If the earth fupplied this 
fortieth part, a fourth part of its fub- 
ftance muft thus have been folid falt; 
but common earth does not furnifh a 
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grain of fea falt from an hundred pounds 
of it. Buffon afcribes the faltnefs of the 
fea, to beds of falt at the bottom of 
the ocean. An experiment is againft 
him; fea water is falter at top than at 
bottom. We mutt at laft therefore be 
compelled to unite thefe two caufes, and 
this will bring thé matter fomethjng 
nearer to probability; let us then fuppofe 
that the fea is falt, from the rivers which 
continually bring in a ftore of this 
mineral with their waters, and from 
beds of falt lying at the bottom of the 
ocean, which its waters are diffolving 
and carrying away. 


i 
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CHAP. XxX. 
Of Springs and Rivers. 


ERE water always at reft, tina 

difturbed either by the winds 
or other external preffure, it would 
corrupt and putrefy. We have already 
taken notice of its putrefaction in thé 
veffels of the chymift, who expofed it 
for that purpofe, and the fame thing 
conftantly happens to thofe who ftore up 
water for long voyages. It lofes its 
tranfparence, generally becomes firft 
brown, then greenifh, and at laft turns 
red; in fact, it always putrefies: but the 
waters of different rivers have various 
appearances in each ftate of their putre- 
faction, each putrefying lefs offenfively, 
in proportion as it furnifhes a - fluid 
the leaft polluted with heterogeneous 
mixtures. 


Tu18 putrefaction i¢ prevented in the 
natural ftate of things, by the motion of 
Y 2 the 
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the fluid; for we feldom fee water 
running in fprings, rivers, or feas, 
fuffer thefe changes. By conftantly 
rolling onward, it is probable that the 
fluid ftill prefents new furfaces to the 
ambient air, and either imbibes a frefh- 
ening principle from the atmofphere, 
or depofits its feculent parts upon air, 
which, like a {fponge, is fitted to attract 
them. However this be, certain it ts 
that running ftreams and rivers are more 
pure than fuch waters as ftagnate; fo that 
though we may be 1gnorant how motion 
thus contributes to the fweetnefs and 
tranfparence of water, yet we are certain 
that motion produces thefe happy effects. 
The manner how water frefhens as it 
flows, may be hidden from human 
penetration; the confequences of this 
motion are obvious to the ilighteft 
fearch. 


BuT now it becomes an enquiry 
equally interefting and curious, to in- 
veftigate how this falutary motion in 

waters 
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evaters has been originally produced; 
how this circulation of the fluid, which 
we fee carried round our globe, is con- 
tinued; from whence do fprings derive 
their ftores, to furnifh rivers with a con- 
ftant fupply ; in what manner do rivers 
flow conftantly towards the fea; or how 
does the fea itfelf daily fwell and fink 
in tide and ebb, with unremitted alter- 
nation? | 


To begin with the firft natural agent 
in this extenfive circulation, we muft 
obferve, that the atmofphere has a power 
of raifing waters up into.itfelf in large 
quantities. We have feen capillary 
tubes lift water much above its level; we 
have feen a loaf of fugar,; wet at the 
bottom, fuck up the moifture to the very 
top. In this manner probably it is, that 
the bottom of the atmofphere refting 
upon a large furface of water, attracts it 
up into itfelf, and becomes loaded with 
the vapours of the fubjacent fluid. This 
evaporation alfo is not a little forwarded 
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by the beams either of the fun, or the 
heat which we know to be enclofed 
within the bofom of the earth; thefe 
dilate and increafe the furface of the 
fluid, and confequently promote its 
afcent. Winds alfo in the fame manner 
‘promote this. evaporation; they raife 
‘the water into waves, and we need not 
be taught, that the furface of a pond 
when uneven and wavy is greater than 
when it is perfectly {mooth. All thefe 
caufes therefore concurring, water is 
‘yaifed in great quantities into the air. 
If then we fuppofe this body of water 
‘continually raifed and rifing in -the 
‘atmofphere, and again falling upon 
earth; if we fuppofe thofe immenfe 
ftores of fluid, fucked up from the ocean, 
to be condenfed into rain, fnows, and 
dews, and to depofite their ftores upon 
land, here will be a fund fufficient, 
for the production of oe and 


rivers. 


LET us now then carry our imagina- 
tion to the courfe which a body of 
thefe 
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thefe vapours may be fuppofed to take in . 
the air. A fheet of vapour rifing from 
the fea, and wafted by the winds to land, 
is carried over the low grounds with 
‘an even flight, till it dafhes againft the 
fides of mountains, or is lifted up by 
the rifing air to their tops. Here the air, 
which was at firft capable of buoying 
the vapours up, . foon becomes too 
light to fuftain them, and alfo the 
vapours being condenfed into larger 
drops, by the cold of thofe upper 
regions, they fink like rain upon the 
mountains fide, and trickle downwards 
into the chinky bed of the hills: here 
entering into their caverns, they gather 
in thofe natural bafons, overflow, and 
at laft force themfelves a paflage, and 
thus fingle {prings.are formed; many 
_of thefe running down by the valligs 
between the ridges of the hills, and 
coming to unite, form little rivulets or 
brooks; many of thefe again, meeting 
ijn one common valley, and arriving at 
the plain, become a river, the magnitude 
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of which 1s generally in proportion to 
the greatnefs of the mountain from 
whence its waters defcend. . The largeft 
rivers flow from the greateft mountains. 
The Andes of America, fend forth their 
Marannon; the’ African mountains 
of the moon, their Nie and their Niger ; 
the A/ps, their Danube and their Réine. 


BuT perhaps it may be thought that 
evaporation alone, is a caufe too flight 
and infufficient to produce thofe im- 
menfe torrents of water, which we have 
juft enumerated. To this Doctor Halley 
replies, (for the prefent theory is taken 
from him) that the quantity of water 
raifed by evaporation, is more than fuffi~ 
cient to effect all thefe purpofes. He has 
attempted to prove, by evaporating a 
determined quantity of water, with the 
natural heat it generally fuftains, that 
every ten inches fquare of water, lofes 
one inch in a day, by evaporation; and 
therefore, knowing the number of fquare 
giles jn the furface of the Mediterranean 

fea, 
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‘fea, he calculated that it would lofe by 
evaporation, every fummer day, fifty- 
two thoufand and eighty millions of 
tons. This quantity he fuppofes to be 
two thirds more than it gains, by the 
nine great rivers which flow into it. 
The water of its evaporation alone, 
would.be therefore fufficient to fill three 
times as many rivers as empty them- 
{elves there; and what is true of the 
Mediterranean, may be applied with 
equal force to every other great refervoir 
of waters. What they gain by rivers, 
is not equal to half of what they lofe by 
evaporation; however, if the ocean fur- 
nifhes in this manner more than enough, 
jt may be fuppofed to fall back in raing 
upon its own bofom, 


IT would be in fome meafure unkind to 
difenchant the beauties of the profpe& 
which this theory prefents us. A romantic 
imagination can form nothing more ftrik- 
ing than this unceafing rotation of waters; 
clouds rife from the ocean, travel till they 
dath againft the tops of the higheft moun- 
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tains, defcend feebly in little ftreams 
down their fides, enter the fubterranean 
caverns of the garth, overflow, burft forth 
in {prings, and at length they all aflemble 
into rivers, that carry the united torrent 
again to its parent ocean, Such fpecula- 
tions are amufing; but as fpeculations 
however may be driven too far, fo here 
fuch a quantity. of evaporated water has 
been contrived in fupport of this theory, 
as would, if it fell, drown our earth, 
inftead of refrefhing it. Almoft every 
calculatar feems to admit, that near one 
third more water ig raifed by evaporation, 
than falls in rain: now what becomes 
of the furplus, which we muft fuppofe 
not to fall, is no eafy matter to deter- 
mine. In one part of this theory alfo, 
Halley affigns as a reafon for the Medi- 
terrancen’s conftantly receiving a ftrong 
current from the Atlantic ocean, that the 
Mediterrancan \ofes fo much of its water 
_every day by evaporation, and confe- 
quently requires this fupply. But how 
can this he the caufe of the current in 

queftion, 
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queftion, fince the Atlantic ocean lofes 
as much water by evaporation, as the 
Mediterranean itfelf, The fame influ- 
ence acts equally upon both, and fo will 
caufe no difference on either. 


WHEN numberlefs rivulets unite, they 
form a river, and in every country there 
feems fome region higher than the reft, 
from whence its rivers feem detached on 
every fide to the fea, Varenzus the geo- 
-grapher hag made an affertion that at 
firt feems extremely improbable, when 
he gives it as his opinion, that all rivers 
were originally formed by human toil 
and induftry; that at firft they might 
have been but {mall canals, but being 
widened by degrees by the current, they 
at leagth have {wolen into a Wolga ora 
Po. Wherever, continues this geogra- 
pher, we fee a flood of water burft from 
the earth, the water forms no channel, 
makes no progrefs towards the fea, but 
overflows the adjacent country; there 
forming a lake, which is either con- 

fiantly 
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ftantly fupplied, or foon dried up by 
evaporation; he alfo mentions feveral 
rivers that have had their channels 
evidently made by human labour. 
His obfervation is curious, though his 
reafoning be falfe; and indeed it is ex- 
traordinary, that though natural hiftory 
informs us of many new lakes, that are 
naturally formed by the burft of waters, 
it can furnifh us with no accounts of 
rivers made in the fame manner. 


BuT leaving Varenius and his opi- 
nions, we muft obferve, that it is moft 
probable rivers have originally formed 
their own channels. If the ground over 
which they flow be very fteep, the water 
muft acquire proportionable {wiftnefs ; it 
muft thus level the grounds which nature 
has oppofed in their way, the water will 
by its weight, fink itfelf a bed; and 
wherever the ftreams are directed with 
greateft rapidity, there they will wear 
the earth moft, and become wideft or 
‘deepett. a 
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- WuHeEn ariver has thus levelled itfelf 
a bed, it will then flow more horizon- 
tally along, and of confequence will | 
wear its channel more flowly; by this 
means the bottom will at length be ina 
ftate.of permanence; whatever it lofes by 
the continual: brufhing of the water over 
it, it will gain by the fediment the water 
naturally depofites wherever it flows. 
The fteepy defcent of rivers, when they 
firft begin their courfe, is generally very 
great, for it is this which gives them 


_ftrength to force a paflage to the fea; as 


they flow onward, ‘their defcent is lefs 
precipitate, they go onward more gently, 
and their fall is ufually very little as 
they approach the fea. From hence we 
may conceive a general picture of the 
windings of a river, When the waters 
towards their fource are rapid and head- 
long, they move directly forward in a 
ftraight channel; but as their defcent 
leflens, their windings increafe; and ever, 
as they approach the fea, affume greater 
meanders. By this rule, Mr. Fadry, 

when 
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when travelling through defolate and 
uninhabited countries, was always en- 
abled to form a probable conjecture of 
his diftance from the ocean; the fewer 
the finuofities of the rivers, the farther 
was he removed from the fea. 


THE rapidity of a river’s current. 


arifes from two caufes, the declivity of 
its channel, and the quantity of its 


waters; therefore it fometimes happens, - 


that thofe rivers which have the greateft 
declivity, are not fo rapid as thofe 
whofe declivity is much lefs, but whofe 
waters are more abundant. Thus the 
Rhone is by no means fo rapid as the 
_ Danube, and yet its channel is more 
fteepy; for they both arife from the fame 
mountain, but the Réone falls by a 
fhorter, and confequently a more preci- 
pitate courfe into the fea. 


Ir is not my defign to give in this 
place a geometrical theary of motion of 
water in rivers; that depends upon prin~ 

ciples 
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ciples not yet explained; though in fad,. 
there is nothing in the writers on this 
fubje&, upon which we can depend with 
certainty. Thus they obferve, that the 
bed of a river may be compared to an. 
inclined plane, and the water as moving 
down it with an increafing velocity, 
and confequently the greateft fwiftnefs 


will be at the river’s mouth. But then, 


fay they, in proportion as the velocity is 
increafed by the defcent, it is retarded by 
attrition again{ft the bottom and fides 
of the canal, and this more than coun- 
terbalances the former celerity. 


THOsE parts of the ftream that are 


_ moft in the middle are ever the {wifteft, 


becaufe they receive the leaft obftruction 
from the bottom and fides to their pro- 
greffive motion. For this reafon, the 
union of two rivers muft encreafe their 
celerity, as it diminithes the number of 
obftacles which they would meet with if: 
their courfes were feparate. This alfo will 
give the reafon why great-rivers with 
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a {mall declivity, are yet more rapid 
than fmall rivers whofe declivity is very 
great. The waters of ‘the former meet 
with lefs obftruction, and go forward 
with all their communicated force, while 
thofe of the latter continually fuffer 
delay from the fides and bottom of their 
canals. 


WHATEVER diminithes the channel. 
of a river, increafes the rapidity of the 
ftream; for the force which drives the ; 
water forward ftill remains the fame, 
and we all know that the fame force 
impreffed upon any body, drives it for~ 
ward with greater velocity, in proportion 
as the body is lefs. Thus we fee waters 
going with great rapidity under the 
arches of a bridge, becaufe the channel 
is leffened through which they pafs. 


WE are not to acquiefce in fuppofitions 
of geometrical writers upon this fubje@, 
that the furface of a river is quite even 


and plane from one bank to the other. 
On 
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On the contrary, upon a fudden inun- 
dation,.or when the middle of the cur- 
rent is extremely rapid, the middle part 
rifes above the other parts of the fur- 
face, fometimes, as it has been found 
by admeafurement, three feet, though in 
afmall river. The fwiftnefs with which 
the middle of the current is driven, in 
fome meafure deftroys its gravity, and 
thus it rifes moft, where its preffure 
from gravity is leaft. When a river has 
a backward ftream, as in the cafe of 
tides flowing up its channel, then the 
water is higheft towards each bank, and 
loweft in the middle; in the former cafe, 
the water of the river refembled a ridge, 
in this it 18 hollowed like a furrow. 


THE water at the furface of a river, 
and that at its bottom, are often found 
to have very different rapidities: if for 
inftance, we dam the furface of a river, 
by a bridge of boats thrown acrofs it, 
while the rapidity above is thus dimi- 
nifhed, the rapidity of the water running 
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under the boats, is greatly increafed. 
Thofe therefore who {wim in ftreams, 
interrupted in this manner by boats or 
timber, fhould not truft to the {mooth 
appearance of the furface, for very fre- 
quently, a ftrong and a fatal current 
lurks beneath. 


WITH regard to the overflowing of 
rivers, the inundation is_ generally 
greater near the fource, than the mouth 
of the ftream ; for wherever the force is 
greateft, there will be the moft likelihood 
of the waters burfting their banks, or 
overflowing them. But we have before 
obferved, that the declivity of the ftream 
is greateft towards the fource, and con- 
fequently the force of the ftream againft 
_ its banks, muft be greateft there alfo. 


THEsE hints may fuffice upon this fub- 
je; but it muft not be fuppofed, that 
general rules can give usany certain infor- 
mation; a hufbandman who, conduéted 
by geometry alone, fhould attempt to alter 
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the courfe of a river, or ftop its inunda- 
tions, would be foon taught, that un-~ 
taught experience alone, was in this 
inftance a much better inftruétor. In 
fhort, the natural hiftorian is a much 
better guide on this fubjeCt than the ma= 
thematician. 
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CHAP. XXL 
Of Tides. 


T has been the fortune of philofophy, 

to ‘fucceed beft in accounting for 
the greater operations of nature, while 
it 1s evidently feeble in the minute. In 
the fame manner as we have a fatis- 
factory idea of the planetary fyftem, we 
have but an obfcure account of the 
changes wrought in our own at- 
mofphere. Thus alfo, the theory of the 
flowing of a fpring is but uncertain ; 
the theory of the tides of the ocean 1s 
nearly demontftrative. 


As rivers flow and {well, fo alfo does 
the fea; like thefe it thath its currents, 
that agitate its waters, and preferve them 
from putrefaction. This great motion 
of the fea 1s called its tides. The waters 


- of the ocean have been obferved regularly 


from all antiquity, to fwell twice in 
about four and twenty hours, and as 
| often 
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often to fubfide again. This {welling 
of the fea is moft obfervable upon 
fhelving fhores, where the waters retire 
for néar fix hours, and leave them quite 
dry, . but foon return again and overflow 
the fands; and thus the alternate ebb 
and flow is twice perceived, in the {pace 
of fomething more than four and twenty 
hours. 


Ir was an obfervation alfo, in the 
earlieft ages of mankind, that this ebb 
and flow had a conftant :correfpondence 
with the moon, and that the {fea’s 
motions feemed to be guided by the 
moon’s motions. ‘They obferved, that 
whenever the moon camé over our heads, 
one of thefe fwellings of the fea. was feen 
alfo. They remarked, that whenever 
it was either new or full moon,_ the 
tides were greateft; and on the contrary, 
whenever the moon was between the 
new and the full, and fhewed us. but 
half its face, that then the tidés were 
leaft. There are feafons of the year 
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when, as aftronamy fhews, the moon 
is nearer the earth than at other times ; 
they knew that at thofe feafons the 
tides rofe higheft in proportion. They. 
remarked with equal fagacity, that the 
fun, in fome meafure, joined his influ- 
ence to that of the moon; that when 
the fun and moon were on the fame fide 
of the heavens, then the tide rofe an that 
fide highcft; on the contrary, when thefe 
two luminaries were on oppofite fides, 
that the tides then obeying a divided 
influence, rofe lefs high than before, 
The fun and moon, as aftronomy fhews, 
are more near the earth in autumn and 
{pring than at other times, and therefore 
the tides obeying their influence, were 
feen to be greater at thofe feafons. All 
this was difcovered by the ancients, and 
Pliny has given us a chapter upon the in- 
fluence of thefe two luminaries upon the 
waters of the ocean. a 


BuT this was only an obfcure con- 
ception of ‘thefe wonderful appearances : 
; they 
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they knew neither the caufe of this 
fwelling, nor the manner in which the 
waters obeyed the lunar influence. The 
moon came over their heads but once 1n- 
twenty-four hours forty-nine minutes, 
whereas they faw the tides actually rife: 
twice in that fpace, fo that here they: 
were perfectly at a lofs, fince the tides 
rofe twice as often as the caufe that pro- 
duced them. The thorough inveftigation 
of thefe appearances, was left for the’ 
fagacity of Newton. 


WE have often laid it down that attrac- 
tion prevails throughout all nature; the 
earth attrats the moon, and the moon at- 
tracts the earth towards itfelf, each in pro- 
portion to the quantity of matter contain~ 
ed ineither. This being acknowledged, 
let us fee what will happen, when the’ 
moon comes directly over any part of 
the ocean. We have allowed that this 
planet continually draws the whole earth 
- in fome meafure towards it; but it will: 
particularly act upon the waters, which 

L 4 are 


344 4 SuRvEY of 


are more at liberty to obey its influence 
than the folid parts of the earth; fo that 
the waters immediately underneath it, 
will be attracted up in a heap. Thus we 
may conceive that part of the ocean as 
one immenfe mountain, with its fummit 
pointing towards the moon. But now 
let us fee what will in the mean time be 
doing on the oppofite fide of our globe? 
We faid that the waters on the fide next 
the moon, will be more violently at- 
tracted, than any other part of the globe, 
becaufe they are neareft the moon; then 
of confequence, the waters on the op- 


pofite fide will be lefs attracted than any ~ 


-other part of the globe, becaufe they are 
fartheft off from the moon. If they 
be but feebly attra@ted, they will be very 
light, as we know all bodies feebly at- 
tracted are; if they be very light they 
will rife, and all the neighbouring waters 
will flow to that place; in fhort, {well 
into an heap or mountain of waters, 
whofe fummit points to the oppofite part 
of the heavens, a8 the fummit on the 

other 
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other fide pointed to the moon. Thus 
does the moon, in once going round the 
earth in twenty-four hours, produce two 
tides or {wells, and confequently as 
many ebbs: one tide, when fhe comes 
to the meridian, nearly over our heads; 
another tide, when fhe is over the heads 
of our antipodes, on the other fide of 
the globe.. Thefe tides muft flow from 


eaft ta weft, for they muft neceflarily 


follow the moon’s motion, which is 
from eaft to weft. We readily fee now, 


‘that this double power, aéting conti- 


nually upon oppofite parts of the ocean, 
muft agitate its whole mafs, and {pread 
the motion not only to the fhores of the 
fea, but drive its waters a confiderable 
way up the rivers alfo. 


Bur all this time, we have made no 
mention of the fhare the fun has in thefe 
operations. Were this great luminary as 
near the earth as the moon is, without 
doubt its influence would be much 
greater than that of the moon; but this 
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ts not the cafe; the fum is placed at an 
immenfe diftance from us, and though 
its power over the waters of the ocean 
is very fenfibly perceived, yet it is 
greatly mferior to that of the moon, 
which though fo much lefs, is fo much 
nearer. Whatever power the moon hath, 
the fun has a fimilar power, but in a 
fmaller degree. If the power of both 
the moon and the fua confpire in 
saifing the tides, they will then have 
their greateft fwell; if both ad in fuch 
a manner as to leffen each other’s in- 
fluence, the tides will not then be fo 


high. Thus, for inftance, when it is 


New moon, aftronomy fhews us that 
the fun and moon are on the fame 
fide of the heavens ; they will therefore 
attract the ocean with united force, and we 
fhall have high tides. If again it be full 
soon, the moon will draw the waters 
tr one direction, the fun will draw them 
directly oppofite, and this we know is 
the fame, as. if they both drew the fame 
way, fo that this alfo will make the tides 
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rifé high. But now if it be half moon, 
then the moon makes different tides 
from the fun, and the ocean obeying a 
double impulfe, fwells but in a {mall 
degree under either. To have a more 
thorough knowledge of this fubject, it 
is neceflary to underftand aftronomy; 
we will only therefore flightly obferve, 
that the tides arrive each day later by 
forty-nine minutes, becaufe a lunar day 
is fo much longer than a folar day: and 
let us add, that the greateft fwell is not 
feen while the moon is dire@ly in the 
meridian of the place, but about three 
hours after fhe hath paft; in the fame 
manner as we fee the waves of a lake 
have their greateft fwell, a fhort time after 
the tempeft is allayed. Again, when the 
moon rifes diretly over the earth’s 
equator, the tides are equally high on 
both fides of it; but as the moon declines 
towards either pole, the tides will rife 
on either fide in proportion to her 
proximity. ‘Towards the poles however 
the tides are much lefs than near the 
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equator, for the moon adts upon the feas 
of thofe countries with more temote 
influence; and befides, the polar oceans 
being almoft continually ftiffened into 
ice, they lefs readily obey the lunar 
impulfe. 


WE faid above, that the tides purfued 
the moon’s motion to the weft; for this 
reafon therefore the eaftern coafts will 
have high tides, before thofe that lie 
more welterly. This is the general law 
which prevails over all the globe; the 
navigation of fhips to the weft, is much 
more {peedy than their return, for they 
thus in a manner go with the tide. 


But we muft not expect to find this 
Jaw prevailing in narrow feas, clogged 
with iflands, or altered by contrary 


currents. The tides are varioully affe€ted 


in their paflage through different thoals 
and channels, and retarded by winding 
round capes and promontories, that jut 
‘out into the ocean. Thus the tide in 
| the 
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the German ocean, takes twelve hours 
to come to London bridge, where it ar- 
rives juft as a new tide is raifed in the 
ocean; fo that we have the highcft tides 
up- the river Thames, when the moon 
makes them leaft out at fea: for when 
fhe rifes above the horizon, our tides are. 
leaft, when in the open ocean they 
are preateft. - In fhort, if this general 
theory be well underftood, there are few 
particular cafes that will not find an 
eafy folution. Thus, if it be demanded. 
why the Ca/pian, Mediterranean, and 
Baltic feas have fcarce any tides, it is 
eafy to reply, becaufe they have no con- 
fiderable communication with the ocean. 
The lefs extenfive the furface, the lefs 
will be the tides; their’s 1s not the hun- 
dredth part of the ocean, and their tides’ 
will be therefore in proportion. 


As the Hosa influence is fo ftrong 
upon the watery fluid that .covers the 
face of our globe, it muft have alfo 
an equal: power over the aerial. fluid 

that 
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that furrounds it, and will confequently 
produce tides in the air. “Many have 
thus accounted for the trade winds, 
that blow continually in the fame 
direction with the ocean, from eaft 
to weft. But as the air is attracted 
only in proportion to its quantity of 
matter, and as that is but very {mall 
in proportion to the {pace it occupies, 
thefe aerial tides muft be imperceptible 
to fenfe, and they can produce no alte- 
ration here below.. 


PHILOSOPHERS have not been con- 
tent with thus accounting for the tides 
upon earth, but they have - given alfo 
a theory of the tides in the moon. If 
the moon, fay they, can raife water 
ten feet upon earth, the earth will 
raife water an hundred and ten feet 
upon the moon; but as the moon has 
always the fame face turned to the 
earth, its waters, fay they, will ever 
remain at the fame height, and there- 
fore all the tides it perceives mutt 

be 
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be occafioned by the fun. But no mat- 
ter for the tides in the moon; it is very 
well if they have fatisfaCtorily explained 
the tides upon earth. 


CHAP, 
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CHAP. XXII. 
Hydroftaticks. 


N almoft every phyfical {peculation, 
wherever experiment can reach, the 
fubje& admits of illuftration; wherever 
that is denied, the reafonings are but 
vain and conjectural. Thus we are ig- 
norant of the form of the parts of 
which water'’or any other fluid are 
compofed, becaufe we can make no ex- 
periments which may reduce thefe fub- 
jects into the primary particles of which 
they are compofed. Thus, if we reduce 
water, by evaporation, to the {malleft 
parts our fenfes can diftinguifh, yet 
if we examine any of thefe with a mi- 
crofcope, the little fpherical drop will 
be found as fluid as the water in the 
veffel from whence it arofe; the minute 
drop hath its fmaller parts, which give 
it fluidity; thefe parts can be feparated 
from each other, and thus made to efcape 
microfcopic obfervation; but ftill, where- 
ever 
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ever water or its parts are feen, they are. 
fluid: 


As we are igriorant therefore of the 
nature of thefe parts feparately, becaufe 
we cannot feparate them enough, we 
muft be contented to enquire into thofe 
appearances which arife- from their 
combination. Like all other bodies, we 
know they have weight, and therefore 
prefs downward by the force of gravity. 
A glafs filled with water, is heavier than ~ 
an empty one; a fponge floats while 
dry, but finks wes filled with water. 
We know alfo, that they yield to every: 
preflure, for each of thefe minute parts: 
being capable of making only. a very. 
{mall refiftance, the; combination of: 
minute refiftances will appear like one. 
uniform refiftance, oppofing, yet giving 
way to every impreffion. 


er this accumulation, and . this 
refiftance of the parts of any fluid, but 
particularly of water, many very ftriking 
‘VoL. I. Aa appear= 
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appearances arife. Their different force, 
in preffing the bottom of a tall veffel 
and a fhallow one; their fupporting 
heavy bodies -floating on their furface; 
their rifing in one pipe to the fame 
height from whence they defcended, 
and thus afcending up the fide of an hill, 
eontrary to their natural weight; thefe 
and feveral other phenomena attract 
our curiofity, and demand explanation. 


In entering upon the firft part of ‘this 
theory, which fhews how much the parts 
of fluids prefs upon the bottom and fides 
of veffels, or upon bodies which are 
plunged in them, we muft be contented 
to begin with one property, verified by 
experience alone ; we muft ftart from an 
obvious appearance in all watery fluids, 


for which theory has been unable to - 


account. . The property of all waters 


is, that in a ftate of reft their furface is — 


level. 


Now then tet us fuppofe three tubes 
es veflels united, and to have a com- 
munication 
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munication with each other; (fig. 36.) 
we know that if water be poured into the 
perpendicular veffel A, it will run into 
the horizontal veffel C, and rife in the 
other perpendicular veffel B, to the fame 
level at which it ftands in the veffel A, © 


From this obvious experiment we 
learn, that fluids prefs in all direc- 
tions, upwards, fideways, downward, 
and in fhort, every way. For let us fup- 
pofe that the tube B, were intirely taken 
away at 4, it is evident that the water 
in the horizontal tube C, would [fill 
prefs againft the part b, with as much 
force as it did before, whether the tube 
were there or not; and if the tube C 
were taken away, the water in A would 
prefs againft the part a, with as much 
force as it did, whether C were. there 
or not; water therefore preffes the fides 
and bottom of the veffel that contains it — 
in all dire€tions. Thus far experience 
alone muft be permitted to guide; and 
if we knew the figure of the parts of 

| Aa2 _ water, 
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water, we might be able to tell how they 
come to be endued with this property ; 
but as that is unknown to us, farther 
illuftrations would aD increafe the 


obfcurity. 


AGAIN, fuppofe water were made to 
ftand only at half the height ¢, in the 
tube A, 1¢ would then only rife*to half 
the height ¢, in the tube B. The pref- 


{ure therefore upwards at b, would then. 


be but half as powerful as in the former 
cafe, when the water rofe to B; of cen- 
fequence therefore, the preffure at a 
would be but half of what it was before ; 
and therefore the preffure of the water 
in the veffel A, upon its bottom, would 


be but half of what it was before. ' From 


hence we may in general conclude, that 


the preffure which water at any depth . 


fuftains will increafe, as the height of 
the water above it increafes. Thus, for in- 
{tance, if the veffel be very high, the pref- 
{ure at the bottom will be fuch as would 
make water rife to an equal height in 
| 3 another 
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another veffel, and confequently it mutt 
be great. 


From this laft property we learn 
the caufe why, if an hole opens in the 
bottom of a fhip at fea, the water burfts 
through it with much greater violence 
than if an hole were broke in the thip’s 
fide, near what the mariners call the 
water’s edge. In the firft cafe, the water 
being greatly preffed by the weight of 
water over it having a free paflage into 
the fhip, preffes in with a force, equal 
to the preffure itfelf fuftains; on the 
other hand, the water in the latter cafe 
is not much prefled by the fluid above, as 
the hole is near the furface, and it there- 
fore prefics in with much lefs violence. 


ALL this is inconteftible; but the 
hydroftatic paradox we are now going ~ 
to explain, will not be admitted fo 
readily, though undoubtedly true. It is 
this: Ihe weight with which water preffes 
upon the bottom of any veffel which bolds 

| Aa3 it 
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it, will be great in proportion to the height 
of the water'in the veffel, and not to the 
quantity of water it contains. Thus, for 
inftance, let there be two veffels A and B, 
both with their bottoms equally broad, 

and both equally high, but as we fee of 
very different capacities; the bottom C 
of the fmaller will be as much preffed 
by the water, as the bottom C of the 
larger, though one of them may contain 
but a few quarts, and the ones as many 
hogfheads, 


We will firft prove this from theory, 
and then fhew it true by experiment, 
Let us {uppofe two tubes @ 4 inferted into 
the bottom ofeach veflel, the water will 
_ be preffed into both with fuch a force 
as will make it rife to a level with the 
re{t of the water in both the veffels; but 
as the water is at equal heights in both 
veffcls, the preflure up the tubes muft 


be therefore equal. Now what is true: 


of one tube, is equally true of a thou- 
fand, if they could all be inferted into 
' the 
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the bottom; therefore, univerfally, the 
preffure of the water in each veffel upon 
every part of the bottom, and upon the 
whole bottom, muft be equal. 


Ir two veffels of equal bottoms, but 
‘unequal capacities, as A and B, could 
have their bottoms fo contrived as to 
fall out upon a certain degree of ‘pref- 
fure; if, for inftance, the bottoms were 
of brafs covered with leather, to make 
them water tight, and capable of falling 
off when water was poured in to a 
certain height; it would be conftantly 
feen that the braffes would fall when 
- the water rofe to a fimilar height, in 
either veffel. 


ONE of the moft ufeful machines to 
fhew that a {mall quantity of water is 
capable of great preflure, is the hydrofta- 
tic bellows. This machine (fig. 37.) con- 
fifts of two thick oval boards, each about 
fixteen inches broad, and eighteen inches 
long, united to each other by leather, 

Aa4 like 
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like a pair of common bellows, or a 
barber’s puff. Into the lower board a pipe 
B, three feet high is fixed at e. Now, 
in fhewing experiments with this fimple 
machine, which even’ the reader himfelf 
might eafily make, let water be poured 
into the pipe at 1is top c, which will 
run into the bellows, and-feparate the 
boards a little: then to fhew how much 
a little water will be able to effec by 
preffure, let three weights, each of an 
hundred pounds, be laid upon the upper 
board. Now if we pour more water into 
the pipe, it will as before run into the 
bellows, and raife up the board with all 
the weights upon it. And though the 
water in the tube fhould weigh in all 
but a quarter of a pound, yet the 
prefflure of this fmall force upon the 
water below in the bellows, fhall fup- 
port the weights, which are three hun- 
dred pounds; nor will they have weight 
enough to make them defcend, and 
conquer the weight of the water, by 


| Seas it out of the mouth of the pipe. 
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IT is inconceivable what force a {mall 


quantity of water fhall be made to exert, 
upon the bottom or fides of a veffel, 
when it ftands in a high tube inferted 
into the veflel. A ftrong hogthead may 
by this means be fplit, and I have feen 
the experiment performed. Into the 
bunghole was inferted a ftrong, though 
{mall tube made of tin, and twenty feet 
high; when water was poured in through 
this, it filled the hogfhead, and when 
it rofe within about a foot of the top of 
the tube, the hogthead burft, and the 
water f{cattered about with incredible 
force. 


FRom hence we may fee, that fluids 
will always rife to the fame heights in 
pipes, from whence they defcend. Thus, 
if there be a fpring upon the brow of 
one mountain, and fhould it be required 
to conduct its waters acrofs the valley, 
up the fide of an oppofite mountain ; 
nothing more is neceflary than to lay 
pipes of lead or hollowed timber along 

the 
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the furface of the ground, leading from 
the {pring down one mountain fide, 
along the valley, and rifing up by the 
other; this will conduct the waters to 
any heights, which do not exceed the 
height of the fpring from whence they 
are originally drawn. And the reafon 
is obvious ; all water will rife to its own 
level; we have feen it rife to the level, in 
the three fmall tubes ABC, and it would 
rife to the fame, were thefe tubes each 
a mile in leneth, and equally high. But 
though in theory, water may be thus 
made to defcend from the higheft moun- 
tains, down the dcepeft vallies, and thus 
rife again on an oppofite mountain’s fide, 
yet in praCtice this can {carcely be per- 
formed from any very great heights, be- 
caufe the preffure of the water is fo very 
great in the pipes at the bottom of the 
valley, that no pipes can be contrived 
flrong enough to endure it. We have , 
{een how the preffure of twenty feet of 
water would burft a common hogfhead : 


now if we fhould fuppofe the mountain 
- four 
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four hundred feet high, we fhould find 
much difficulty to make any pipe ftrong 
enough to refift the water’s weight at 
fuch an height. Pipes hollowed through 
rocks of marble, would ina fhort time 
burft, like thofe whofe fides were of 
paper. For this reafon, when the height 
is more than an hundred feet, engineerg, 
inftead of pipes, are obliged to raife aque- 
ducts; thefe raifing the water more to 
a level, the force againft the fides of the 
. tube 1s leffened, and it rifes to the modes 
rate.height from whence it fell, without 
any injury to the pipe that conduts it, 
It is generally fuppofed, that this con- 
trivance of carrying water down through 
vallies, and up againft hills by pipes, 
was unknown among the ancients; 
but this is not the cafe, as could 
eafily be fhewn: they ufed aqueduéts in 
their ftead, becaufe lefs fubjeét to want 
repair, and furnifhing water in greater 
abundance. . 


BrForE I quit this chapter, one thing 
More may be mentioned relative to the 
{urface 


ae 
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furface of waters. It was faid that they 
were always level when at reft, but 
Rrictly fpeaking that is not the cafe: the 
earth is round, as we well know, anda 


prcat furface of waters therefore muft be 


of the fame fhape, fo that inftead of 
being a large plane, they will partake, 
in fome meafure, of the earth’s con- 
vexity. This convexity of the furface of 
waters, though fcarcely difcernable in 
minute bodies of water, is diftinguifhable 
enouch at fea. Let us fuppofe the fpec- 
tator upon fhore, anda {hip out at fea, 
(fig. 38.) the firft part of the fhip that 
will appear to the fpeCtator’s eye, will 
be the top mafts, for the intervening 
convexity of the fea will prevent his 
{ceing the lower part; juft as if two 
men approached each other on oppofite 
fides of an hill, their heads would be 
the firft part that would be fcen by each 
other, for the convexity of the hill would 
intercept the reft; as they would ap- 
proach however they would fee more, 


until they both ftood totally vifible upon 
the 


~~ 
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the top. Juft fo it is with a {pectator and 
a fhip at fea: in every nine miles diftance, 
there is about fix feet of the earth’s {well 
between us and any object; fo thata 
man that ftood in a boat at that diftance 
at fea, would be totally unfeen, though 
we took the beft telefcope to obferve him 
withal. We cannot fuppofe however 
that this convexity, which is only vifible 
at fuch diftances, can be feen upon thé 
bofom of a {mall lake or fheet of water ; 
on the contrary, this may be regarded 
as perfectly plane, and all experiments 
are calculated upon that fuppofition. 
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CHAP. XXIII. 


Of the Specific Gravity of Bodies. 
HEN an unfpongy or folid 
body finks in a veffel of water, 

it removes a body of water equal to its 
own bulk, out of the place to which if 
defcends. If, for inftance, a copper ball 
is let drop into a glafs of water, we well 
know that if it finks, it will take up as 
much room as a globe of water equal to 
itfelf in fize took up before. 

LET us fuppofe for a moment, that 
this watery globe removed by the ball 
were frozen into a folid fubftance, and 
weighed in a {fcale againft the copper 
ball; now the copper ball being more 
in weight than the globe, it is evident 
that it will fink its own fcale, and drive 
up the oppofite, as all heavier bodies do 
when weighed againft lighter; if, on 
the contrary, the copper ball be lighter 
than the water globe, the ball will rife. 

Once 
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Once more then let us fuppofe the cop- 
per ball going to be immerfed in water, 
and that in order to defcend, it muft 
difplace a globe of water equal to itfelf 
in bulk. If the copper ball be heavier 
than the globe, its preflure will overcome 
the other’s refiftance, and it will fink 
to the bottom ; but if the watery globe 
be heavier, its preflure upwards will be 
greater than that of the ball downward, 
and the ball will rife or fwim. Ina 
word, in proportion as the ball is heavier 
than the fimilar bulk of water, it will 
defcend with greater force ; in proportion 
as it is lighter, it will be raifed more to 
the furface. | 


From all this we may deduce one 
general rule, which will meafure the 
force with which any folid body tends 
to {wim or fink in water; namely, every 
body immerfed in water, lofes juft as much 
of its weight as equals the weight of an 
equal bulk of water. Thus, for inftance, 
if the body be two ounces, and an equal 

) I bulk 
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bulk of water be one ounce, the body 


when plunged will fink towards the 
bottom of the water with a weight of 
one ounce. If, onthe contrary, the folid 
body be but one ounce, and the weight 
of an equal bulk of water be two ounces, 
the folid when plunged will remove but 
one ounce, that is, half as much water 
as is equal to its own bulk, fo that con- 
fequently it cannot defcend; for to do 
that, it muft remove a quantity of water 
equal to its own bulk. Again, if the folid 
be two ounces, and the equal bulk of 
water two ounces, the folid, wherever it is 
plunged, will neither rife nor fink, but 
remain fufpended at any depth. | 


Tuus we fee the reafon why fome 
bodies {wim in water, and others fink. 
Bodies of large bulk and little weight, 
like cork or feathers, muft neceflarily 
fwim, becaufe an equal bulk of water 
is heavier than they; bodies of little bulk 
but great weight, like lead or gold, muft 
fink, becaufe they are heavier than an 

| equal 
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equal bulk of water. .The bulk and the 
weight of any body confidered together, 
is called its fpecific gravity, and the 
proportion of both in any body, is eafily 
found by water. A body of little bulk 
and preat weight, readily finks in water, 
and it is faid to have great fpecific gra- 
vity; a body of great bulk and little 
weight, lofes almoft all its weight in wa- 
ter, and therefore is {aid to have but little 
{fpecific gravity. A woolpack has atu- 
ally greater real gravity, or weighs more 
in air than acannon ball; but for all that, 
a cannon ball may have more {fpecific 
gravity, and weigh more than the wool- 
pack in water. Denfity is a general term 
that means the fame thing; {pecific gravi- 
ty 1s only a relative term, ufed when folids 
are weighed in fluids, or fluids in fluids. 
4 

BuT hefore we proceed in this theory, 

it may not be amifs to get over an 
objeGtion that will naturally arife. .It 
may be faid, that as in the defcent of 
heavy bodies in fluids, the deeper they 
defcend, the more they mutt be refifted ; 
Vor. I. B b how 
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how comes it that by the time they get 
towards the bottom, they are not totally 
ftopt from defcending, and driven by the 
increafed refiftance upward? The anfwer 
is eafy; the lower furface of the defcend- 
ing body is preft with encreafed refiftance 


upwards, it is true; but at the fame time ° 


the upper furface is preffed with increafed 
refifttance downward. ‘Thefe two in- 
creafed and oppofite forces balance each 
other, and make no difference in the 
defcent. 


Ir however a method were contrived, 
while the heavy body was defcending, 
to take away the preffure from above, 
and leave that below all its increating 
force, then indeed the increafed preflure 
from below, would actually prevail over 
the body’s fuperior weight, and drive it 
upward; fo that by this means, lead or 
gold itfelf might be made to fwim 
upon water. The experiment has been 
conduéted in the following manner.’ A 
g¢lafs tube CD, (fig. 39.) cpeg at both 

ends, was fitted with a leaden bottom 


half 
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half an inch thick, which was held clofe 
to the tube by pulling a ftring fixed in 
its middle, up through the tube, as fo 
the bottom ceuld not thus fall off. In 
this manner the tube was immerfed in 
water, in the glafs veffel AB, to thé 
depth of three inches only below the 
furface of the water at K, by which 
means the leaden bottom was plunged 
fomewhat more ‘than to eleven times its 
own thicknefg. At that.depth the bottom, 
which had no preflure of water above it, 
and had a ftrong preflure below, would 
not fink nor fall from the tube, but 
a€tually fwam at that depth upon the 
water. If however, a preflure above were 
made, by pouring a little water into the 
tube, then the lead would fink with ‘its 
ufual velocity. 


In the fame manner as an heavy body 
was made to {wim on water, by taking 
away the upward preffure, fo may a light 
body like wood, be made to remain funk 
at the bottom, by depriving it of all 

| Bb 2 p:efiure 
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preflure from below; for if two equal 
pieces of wood be planed, furface to 
furface, fo that no water can get between 
them, and then one of them be cemented 
to the infide of the veffel’s bottom, then 
the other being placed upon this, and 
while the veffel is filling, being kept down 
by a ftick, when the ftick is removed and 
the veffel full, the upper piece of wood 
will not rife from the lower one, but 
continue funk under water, though it 
is adually much lighter than water; for 
as there is no refiftance to its under 
{urface to drive it upward, while its 
upper furface is ftrongly prefled down, 
it muft neceffarily remain at the 
bottom. The following method of 
making an extremely heavy body float 
upon water, is more elegant than the 
former. ‘Take a long glafs tube, open 
at both ends, ftopping the lower end 
with a finger, pour in fome quickfilver 
at the other end, fo as to take up about 
half an inch in the tube below. Immerfe 
this tube, with the moat ftill at the 

bottom, 


—— 
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bottom, in a deep glafs veffel filled with 
water; and when the lower end of the 
tube is about feven inches below the 


furface, take away the finger from it, © 


and then you will fee the quickfilver not 
fink into the veffel, but remain fufpended 
upon the tube, and floating, if I may 
fo exprefs it, upon the water in the glafs 
veffel. 


As every folid finks more readily in 
water, in proportion as its {pecific gravity 
is great, or as it contains greater weight 
under a {maller bulk, it will follow, that 
the fame body may very often have 
different fpecific gravities, and that it 
will fink at one time, and fwim at 


another. Thus a man, when he happens — 


to fall alive into the water, finks to the 
bottom; for the {pecific gravity of his 
body, is then greater than that of water : 
but if by being drowned he lieg at the 
_ bottom for fome days, his body {wells 
by putrefaction, which difunites its 
parts; thus its fpecific gravity becomes 

Bb 3 lefs 
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lefs than that of water, and he flcatg 
upon the furface. 


THERE isa pretty childith contrivance 
by which the {pecific gravity of the body 
is fo altercd, that it rifes and finks in 
water at our pleafure. Let litiie images 
of men, about an inch high, of coloured 
glafs, be befpoke at a glafs-houfe, and 
Jet them be made fo as to be hollow 
within, but fo asta have a {mall opening 
into this hollow, either at the fole of 
the foot or elfewhere. Let them be fet 
afloat in a clear glafs phial of water, 
filled within about an inch of the mouth 
of the bottle; then let the bottle have 
its mouth clofed with a bladder, clofely 
ticd round its neck, fo as to let no air 
efcape one way or the other. The images 
themfelves are nearly of. the fame fpecific 
gravity with water, or rather a little 
more light, and confequently float near 
the furface. Now when we prefs down 
the bladder, tied on at the top, into the 
mouth of the boitle, and thus prefs the 
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air upon the furface of the water in the 
bottle; the water being prefled will force 
into the hollow of the image through 
the little opening; thus the air within 
the image will be preffed more clofely 
together, and being alfo more filled with 
water now than before, the image will 
become more heavy, and will confe- 
quently defcend to the bottom; but upon 
taking off the preflure from above, the 
air within them will again drive out the 
water, and they will rife to the fame 
heights as before. If the cavities in fome 
of the images be greater than thofe 
in others, they will rife and fall 
differently, which makes the experiment 
more amul{ing. 


THIs 1s but an experiment of mere 
amufement; much more important ufes 
are the refult of our being able exadly 
to determine the fpecific gravities of 
bodies. We can, by weighing metals in 
water, difcover their adulterations or 
mixtures, with greater exactnefs than by 

Bb 4 any 
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any other means whatfoever. By this 
means the counterfeit coin, which may 
be offered us as gold, will be very 
eafily diftinguifhed, and known to be 


a bafer metal. For inftance, if I am © 


offered a brafs counter for a guinea, 
and I fufpe& it; fuppofe, to clear my 
fufpicions, I weigh it in the ufual manner 
avainft a real guinea in the oppofite 
‘ {cale, and it 1s of the exa&@ weight, yet 
ftill I fufpe& it; What isto be done? 
To melt or deftroy the figure of the coin 
would be inconvenient and improper : 
a much better and more accurate method 
remains. I have only to weigh a reak 
guinea in water, and fhall thus find that 
it lofes but a nineteenth part of its 
weight in the balance; Ithen weigh the 
brafs counter in water, and I actually 
find it lofes an eighth part of its weight, 
by being weighed in this manner. This 
at once convinces me that the coin 1s 
made of a bafe metal, and not gold; for 
as gold is the heavieft of all metals, it 
will lofe lefs of its weight by being 
weighed in water than any other. 

_ Tris 
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Tuis method Archimedes firft made 
ufe of, to dete&t a fraud with regard to 


the crown of Hiero, king of Syracufe.: 
” Hiero had employed a gold{mith to make 


him a crown, and furnifhed him with a 
certain weight of gold for that purpofe ; 
the crown was made, the weight was the 


fame as before, but ftill the king fuf- 


pected that there was an adulteration in 
the metal. Archimedes was applied to, 
who, as the ftory goes, was at firft 
unable to detect the impofition, but the 
refiftance he found from the water, in 
going into a bath, gave him the hint 


of weighing the crown hydroftati- 


cally. A mafs of pure gold was pro- 
cured, which weighed equal with the 
crown in air; but when both were 
weighed in water, the crown proved 
much the lighter of the two, a pofitive 
proof that the metal, of which it was 
compofed, was not fo heavy as pure 
gold. 


Upon this difference in the weight of 
bodies in open air and water, the hydro- 
Ot {tatic 


5 
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fietic balance has been formed, which 
differs very little from a common ba- 
lance, but that it hath an hook at the 
bottom of one fcale, on which the 
weight [ want to try may be hung by 
an horfe hair, and thus fufpended in 
water, without wetting the fcalé from 
whence it hangs. Firft, the weight of the 
body I want to try, is balanced againft 
the parcel or weight E, in open air; 
fiz. 40.) then the body is fufpended by 
the hook and horie hair at the bottom 
of the fcale, in water, which we well 
know will make it lighter, and deftroy 
the balance. We then can know how 


much lighter it will be, by the quan- 


tity of the weights we take from the 
fcale F, to make it equipoile; and of 
confequence, we thus precifcly can find 
out its f{pecific gravity compared to 
water. ‘There are feveral different ways 
in which the hydroftatic balance is con- 
Rtructed ; if the fcales be very nice, it 
matters little as to the relt. " 


THIS 
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- Tuts is the moft exa& and infallible 
method of knowing the genuinenefs of 
metals, and the different mixtures with 
which they may be adulterated, and it 
will anfwer for all fuch bodies as can be 
weighed in water. As for thofe things 
that cannot be thus weighed, fuch as 
quickfilver, {mall fparks of diamond, 
and fuch like, as they cannot be fuf- 


pended by an horfe-hair, they muft be 


put into a glafs bucket, the weight of 
whichis already known; this, with the 
quickfilver, muft be balanced by weights 
in the oppofite fcale as before, then im~ 
merfed, and the quantity of weights to 
be taken from the oppofite fcale, will 
fhew the fpecific gravity of the bucket 
and the quickfilver together; the fpe- 
cific gravity of the bucket is already 
known, and of confequence the fpecific 
gravity of the quickfilver, or any other 
fimilar fubftance, will be what remains. 


As wecan thus difcover the fpecific 
gravity of different folids, by plunging 
them 


ees a 
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them in the fame fluid, fo we can dif- 
cover the {fpecific gravity of different 
_ fluids, by plunging the fame folid body 
into them; for in proportion as the fluid 
is light, fo much will it diminifh the 
weight of the body weighed in it. Thus 
we may know that {pirit of wine has 
Jefs fpecific gravity than water, becaufe 
a folid that will {wim in water, will fink 
in {pirit; on the contrary, we may know 
that fpirit of nitre has greater {pecific 
gravity than water, becaufe a folid that 
will fink in water, will fwim upon the 
fpirit of nitre. Upon this principle is 
made that fimple inftrument, called an 
Hydrometer, which ferves to meafure the 
lightnefs or weight of different fluids. 
It is nothing more than an hollow 
copper ball, with a fhort ftalk or ftem 
fitted into, or if I may fo exprefs it, 
growing out of the ball; this ball is fo 
made, as partly to fink but not entirely 
in water, and fo poifed that the ftem 
fhall always ftand upright: the lower it 
finks, the lighter the fluid; and on the 
) | con= 
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contrary, the higher it {wims, the more 
heavy the fluid thus fupporting it. How 
much it finks or fwims may be very 
exactly known by the ftalk, which is 
graduated or marked; and this inftrument 
is often ufed by thofe, whofe bufinefs 
ig to examine the different denfities of 
‘Jiquors, fuch as drunkards, inn-keepers, 
diftillers, and excifemen. 


Tuts inftrument, I fay, will ferve to 
meafure the fpecific gravities of different 
liquors, for it is found by experience, 
that liquors weigh very differently from 
each other; an experiment or two to 
fhew this will fuffice. Suppofe we take 
a glafs veffel which is divided into two 
parts, communicating with each other 
by a {mall opening of a line and an half 
. diameter. Let the lower part be filled up 
to the divifion with red wine, then let 
the upper part be filled with water. As 
the red wine is lighter than water, we 
fhall fee it in a fhort time rifing like a 
{mall thread up through the water, and 

: diffuling 
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diffufing itfelf upon the furface, till at 
length we fhall find the wine and water 
have changed their places; the water 
will be feen in the lower half, and the 
wine in the upper half of the veffcl. 


In the fame manner we may pout 
four different liquors, of different 
weights, into any glafs veffel, and they 
fhall all ftland feparate and unmixed with 
each other. Thus, I take mercury, oil 
of tartar, fpirit of wine, and fpirit of 
turpentine, fhake them together in a 
glafs, let them fettle a few minutes, -and 
each fhall ftand in its proper place, mer- 
cury at the bottom, oil of tartar next, 
fpirit of wine, and then fpirit of tur- 
pentine above all. Thus we fee liquors 
are of very different denfities, and this 
difference it is that the hydrometer is 
adapted to compare. In general, all 
vinous fpirits are lighter than water, 
and the lefs they contain of water, the 
more light they are, The hydrometer 
therefore will inform us how far they 

are 
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are genuine, by fhewing us their light- 
nefs; for in pure fpirit of wine it finks 
Iefs than in that which is mixed with 
a {mall quantity of water. 


YeT after all, we are not entirely to 
depend, and with geometrical certainty 
rcly upon either the hydrometer or the . 
hydroftatic balance, for there are fome 
natural inconveniences that difturb the 
exactnefs, with which they difcover the 
fpecific gravities of different bodies. 
Thus, if the weather be hotter at one 
time than another, all fluids will fwell, 
and confequently they will be lighter 
than when the weather is cold; the air 
itfelf is at one time heavier than at 
another, and will buoy up bodics weighed 
init; they will therefore appear lighter, 
and will of confequence feem heavier in 
water. In fhort, there are many cautcs 
that would prevent us from making 
tables of the fpecific gravitics of bodics, 
if rigorous exaCtnefs were only expeced, 
for the individuals of every kind of 

fub- 
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fubftance differ from-each other, gold 
from gold, and water from water. In 
fuch tables therefore, all that is expected 
“is to come as near the exact weight as 
we can, and from an infpection into 
feveral, we may make an average near 
the truth. Thus, Mu/chenbrook’s table 
makes the {pecific gravity of rain water, 


to be nearly eighteen times and an half . 


lefs than that of a guinea; whereas our 
Englifh tables make it to be but feven- 
teen times and an half nearly lefs than 
the fame. But though there may be 
fome minute variation in all our tables, 
yet they in general may ferve to conduct 
us with fufficient accuracy. 


In general it may be: obferved, that 
the pureft gold is the heavieft of all 
other fubftances whatfoever, being nearly 
nineteen times and an half heavier than 
water; next to gold, is a femi-metal 
of late difcovered, called Platina; this, 
if !remember right, is fixteen times one 
third heavier than water; mercury 18 

next 


_—_ 
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next in weight, and is a little more than 
fourteen times heavier than water ; lead, 
eleven and about a quarter ; fine filver, 
_ about eleven only; copper, is eight and 
three parts; fteel, feven and three parts; 
and thus of the reft; diamond is about 
three times and an half heavier than 
water; glafs, about three and a quarter; 
reCtified fpirit of wine, is about one 
third lighter than water, and cork is 
more than four times as light. 


Now then, fuppofe a body to’ be a 
mixture of gold and filver, and it is 
defired to know the quantities it contains 
of each; I firft find, by the hydroftatic 
balance, the fpecific gravity of the 
compound. We know that its fpecific 
gravity 1s lefs than that of gold, but 
more than that of filver; let. us fubtracd 
then the known {pecific gravity of filver, 
which we faid was eleven, from the 
fpecific gravity of the compound, and 
let us fubtract the compound itfelf 
from that of gold, which is nineteen;. 


Vout. I. Ce tha 
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the firft remainder fhews the bulk of the 
gold in the compound, the other that of 
the filver: and as we know the bulk of 
each, and the fpecific gravities of each, we. 
may eafily know their real weights or 
gravity, by multiplying the bulks by the 
fpecific gravities. 


AL expreffed oils, fuch as olive oil, 
rape oil, and the like, which are prefled 
out of kernels or feeds by means of heat, 
thefe and all fatty fuety fubftances, are 
about a tenth part lighter than water, 
and therefore {wim upon its furface. 
From hence it is eafy to conceive the 
reafon, why animals that are fat fwim 
better than thofe that are lean, fince the 
former contains a quantity of oil within 
their furface, which is f{pecifically lighter 
than water, and confequently keeps 
them buoyant. Thus the country 
people .affure.us, that a fat hog fwims 
better than any other animal; and they 
have reafon for their affertion. 


Or 


a 
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Or all antmals thrown into water, 
man is the moft helpiefs. The brute crea~ 
tion receive the art of fwimming front. 
nature, while man can acquire it only 
by practice; the one efcapes without 
danger, the other firks to the bottom. 
Some have afferted, that this arifes from 
the different fenfibilities each have of 


‘danger: the brute, unapprehenfive of 


danger, and unterrified at its fituation, 
ftruggles through, while his very fears 
fink the lord of the creation. But much 


' better reafons may be affigned for this 


impotency of man in water, when com- 
pared to other animals; and one is, that 
he has actually more fpecific gravity, of 
contains more matter within the fame 


_furface, than any other animal what~ 


foever. The trunk of the body in other 
animals is large, and their extremities 
proportionably {mall; in man it is the 
reverfe, his extremities are very large, 
in proportion to his trunk: the fpecific 
weight of the extremities is proportion- 


ably greater than that of the trunk in 


Cc 2 all 
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all animals, and therefore man muft 
have the greateft weight in water, fince 
his extremities are largeft. Add to this, 
that in order to fwim, other animals 


have only to walk forward, if I may 


fo exprefs it, upon the water; the 


motion they give their limbs in fwim- 


ming, is exactly the fame with that they 
ufe upon land: but it is different with 
man, who makes ufe of thofe limbs 
to help his motion upon water,: which, 
upon land, he employs to very different 


purpofes. 


As we have obferved above, that 
liquors of different denfities f{upport bo- 


dies in proportion to their denfity ; that 


the heavier the liquor, the heavier will 
be the weight it can fupport; it is not to 
be wondered at, that in fwimming, we 
fhould find ourfelves much better buoyed 
up and fupported in fea-water than in 
freth. For fea-water is actually heavier, 
and this from the falts mixed with it 
which increafe its weight about a fiftieth 
part. | 
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In order to facilitate our power of 


remaining on the furface of water, or of 
breathing when at the bottom, different 


"methods have been contrived. As to the 


firft, the cork waiftcoat anfwers the pur- 
pofe tolerably well ; for the latter, the di- 
ving bell is a well known fecurity. Dator 
Halley, in a diving bell of his own con- 
trivance, remained fifty two feet deep 
at the bottom of the fea, for the {pace 
of an hour and an half. 


THE diving bell is an inftrument 
long known and in ufe. That made by 
Doctor Halley, was in the form of a 
great bell, and was coated with lead, fo 
as to make it fink in water: (fig. 41.) 
it was three feet wide at top, five feet | 
wide at bottom, and eight feet high. 
Into this great bell the diver entered, 
and fate upon a {mall feat within-fide, 
prepared for that purpofe, and received 
light from a ftrong glafs at top. Thus 
‘prepared, by means of a rope, the bell, 
the man and all was let down to the 

Ce 3 bottom, 
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bottom, in order to fearch for goods, or 
fix cords to wrecks of fhips, and fuch 
like purpofes, 


WHEN the bell te let down into the 


fea, the water rifes into it to a certain 
height, but it cannot fill the whole of 
the bell, for the air within it (as we 
fhall fee hereafter) will ftill keep fome 
room at top, and prevent the water’s 
rifing and filling « any farther. it is 
jn this topmoft part, which is empty 
. gr only filled with air, that the diver 
keeps his head, and breathes that air 
which thus refifts the afcending water ; 
here’ he can remain for fome time, 
living upon the condenfed air, and at 
the fame time periapeing what he 
defcended for. 


But to be more particular in the 
defcription of Dodor Halley's bell. In 
the top was fixed, as mentioned above, 
a ftrong clear glafs to let in the light 
from above, and likewife a cock 1a 

| let 
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Jet out the hot air, that had been polluted 
by repeated infpiratton below. It was 
fufpended from the maft of a fhip, and 
{fo hoifted over the fhip’s fide as to be 
let down without danger. In this, two 
or more divers were let down to the 
bottom, and two barrels of air were let 
down to them, to fupply them with 
frefh air, which alternately rofe and fell 
like two buckets. As the air from the 
barrels wae let into the fpace in the bell 
free from water, it entered cold, and ex- 
pelled the hot air which had been {poiled, 
out through the cock at the top. By 
this method air was communicated in 
fuch plenty, that the Doctor informs 
us, that he was one of five who were 
together at the bottom in ten fathom . 
of water, for above an hour and an half 
at a time, without any fort of il con- 
fequence; and he might have continued 
there as long as he pleafed, for any thing 
that appeared to the contrary. By the 
glafs at the top of the bell, fo much 
light was tranfmitted when the fun 
Gce4 fhone, 
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fhone, and the fea undifturbed, that he 


could fee perfe@tly well to read and 
write, or to find any thing that lay at 
the bottom; but in dark weather, and 
when the fea was rough, he found it 
as dark as night at the bottom. But then 
this inconvenience might be remedied, 
by keeping a candle burning in the bell 
as long as he pleafed; for he found by 
experience, that a candle polluted the 
air by burning, juft as a man would 
by refpiring, both requiring about the 
fame quantity of frefh air for their 
{upport, to the amount of nearly a 
gallon in a minute. | 


THIs machine was fo far improved, 
. .that one of the divers might be detached 
.to the diftance of eighty or an hundred 
-yards, by a clofe- cap being put upon 
his head, with a glafs in the fore part 
for him to fee through, and a pipe to 
fupply him with air, communicating 
with the great bell; this pipe was 
_ flexible, coiled round his arm, and 


ferved 
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ferved him asa clue to find his way 
back to the bell again. The only in- 
convenience that’ Ha//cy complained of 


was, that upon their firft defcending, . 


his companions ‘and he found a {mall 
pain in their ears, as if the end of 


a quill were thruft forcibly through into 


the aperture of the ear. One of the 
divers however, willing to remedy this 
inconvenience, ftuffed his ears with 
chewed paper, which, as the bell de- 
{cended, was fo forcibly preffed into 


the cavitjes of the organ, that the fur- 
-geon could not extract the sae with- 
out “_ difficulty. 


“Triedwald, a Sed ib engineer, has 


made. fome i improvements on .this ma- 
chine, fince Ha/ley’s time. That contrived | 


by him is lefs than Ha/ley’s, and con- 


fequently more eafily managed; it is 
’ jlluminated with three convex glaffes 


anftead of one. It has.been found, that 
the nearer the diver’s head is to the 
furface of the water in the bell, the 

"better 
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better he breathes, for the air at that 
place is moft comfortable and _ cool. 
In TIriedwald’s bell, the diver’s head is 
therefore nearer the water, and when 
there is a neceflity for his lifting up his 
head to the top of the bell, he hasa 
flexible pipe in his mouth, with which 
he breathes only the air at the furface 
of the water at the bottom of the bell. 


WE are told of a much more ufeful 
method than either of the former, put 
in practice by a gentleman of Devon/bire. 
He has contrived a large cafe of ftrong 
leather, perfectly water proof, which 
may hold about half an hogfhead of air. 
This is fo contrived, that when he fhuts 
-himfelf up in this cafe, he may walk at 
the bottom of the fea, and go into any 
part of a wrecked veilel, and deliver 
out the goods. This method, we are told, 
he has pra@ifed for many years, and has | 

thus acquired a large fortune, . 


In this manner we find, that no part 
of nature is wholly fecluded from human 
vili- 
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vifitation, fince thus means have been 
contrived, ta defcend without danger to 
the bottom of the ocean, and to explore 
that abyf{s which feems, at firft view, ta 
retire from curiofity. Without the con- 
trivance above mentioned, men, when 
at fuch vaft depths below the furface of 
the water, would feel the effects of its 
- weight ina very fenfible manner. Divers 
who go to the bottom without this ma- 
chinery, often return with figns of the 
violent preffure of the water upon the 
furface of their bodies; their eyes are 
“feen fwolen and blood-fhot, they often 
bleed at the mouth and nofe, and feel 
a total laffitude over their whole bodies. 
Thefe fymptoms are moft violent, in 
fuch as firft undertake this kind of em- 
ployment; but they leflen by degrees, 
{fo that an accuftomed diver feels no great 
inconvenience, by remaining fome mi- 
nutes at the bottom: thofe of this pro- 
feffion, are only remarkable for the 
rednefs of the white of their eyes. 


BEFORE 
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BeFoRE [I quit this fubject, it may 
not be improper to mention a benefit that 
may accrue, from plunging or bathing 
in fea water, not yet that | know taken 
notice of by others. Many arts have 
been tried to make fea water freth and 
potable ; the benefit of which would be, 
that in long voyages, when a fhip’s 
company wanted frefh water, they 
might make ufe of fea water as a very 
eafy fubftitute, by frefhening it according 
to art. The beft method of frefhening 
falt water is, by mixing it with calcined 
bones, and then diftilling it; for it 1s 
found that the calcined bones will lay 
hold on the faline parts of the water, 
unite with them, and keep them at the 
bottom of the ftill; while on the other 
hand, the frefh fluid will rife in vapours 
to the top, and thus feparate from the ° 
impure mixture below. There is but 
one objection that I know of, to thefe 
calciried bones and this fiil], and that is, 
that they. take up almoft as much room 
in the fhip, as fo mach frefh water as 

they 
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they could make would do. If the 
Captain of a veffel therefore, is appre- 
henfive that they may want water in 
his voyage, inftead of fo many hundred 
weight of calcined bones, he may take fo 
many fupernumerary hogfheads of frefh 
water, and that will do as well. Com- 
mon water will be almoft as conveniently 
carried, much more wholefome, and in- 
finitely cheaper; for this reafon we never 
fee captains of fhips carry out calcined 
bones to fea; for if danger is forefeen, 
they fupply themfelves with fuperfluous 
ftores of water. In unexpected calami- 
ties, perhaps the following method 
would for fome time preferve life without 
frefh water. 


Ir we are weighed upon going into 

a warm bath, we fhall find upon our 
returning out of it, that we have 
gained confiderably from the fluid in 
which we have been plunged, being 
often increafed in weight fome pounds; 
the reafon is, that there are numerous 
velfels 
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vefiels opening at the pores of the fkin, 
that fuck up the water like fo many ca< 
pulary tubes, and thefé veflels run from 
every part of the furface of the body 
into the inteftines, and difcharge them- 
felves there. Thefe very fine flender 
veflels are a modern difcovery, and fiilk 
contefted by different anatomifts, each 
claiming the firft obfervation of them 
to himfelf. We find alfo by experience, 
that though we be never fo thirfty 
upon entering a warm bath, the bath 
inftantly relieves that complaint, and 
we feel drought no more. What then; 
if in cafes of extremity at fea, a warm 
bath of fea water were made, in which 
each of the fhip’s company might bathey 
and thus, by the pores of the fkin, drink 
in a fufficient quantity of watery fluid 
to fuftain nature, and to dilute their 
other aliments? We know by experience 
that they would thus imbibe frefh water 
alone, for the pores of the fkin are too 
minute to let the faline parts of water 
enter. The body, when plunged in a 
I bath 


Experimental Philofophy. 399 


bath of falt water, aéts like a filter 
upon the fluid, and its pores fuffer 
nothing but the thinneft and pureft part 
to enter them; while the falt ftands like 
hoar froft upon the furface of the fkin, 
and may be wiped away with a towel. 


I do not care to drive an hint of this na-. 


ture farther thian it fhould go; nor is it 
to be wifhed that the affiftance this may 
afford, fhould induce men to be lefs 
affiduous in providing the more ade- 
quate means of fecurity. 


CHAP. XXIV. 
Hydraulics. 


YDROSTATICKS, as we have 
feen, determines the weight or 
preffure of fluids upon folids, or upon 
each other, in .weffels where the water: 


is not fuffered to efcape but remain at 


refts; ‘hydraulics is a different part of 
this fcience, which teaches us to eftimate 
the {wiftnefs or the force of fluids in 
motion. 


Ir has been always thought an en- 
quiry of great curiofity, and ftill greater 
advantage, to know the caufes by which 
water f{pouts from veflels to different 
heights and diftances. We have obferved, 
for inftance, an open veffel of liquor 
upon its ftand, pierced at the bottom; 
the liquor, when the opening is firft 
made, fpouts out with great force, but 
as it continues to run, becomes lefs vio- 
lent, and the liquor flows more feebly ; 
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a knowledge of hydraulics will inftrué 
is in the caufe of this diminution of 
its ftrength; it will fhew precifely how 
far the liquor will {pout from any veffel, 
and how faft, or in what quantities it 
will flow. Upon the principle of this 
fcience, many machines worked by water 
aie entirely conftructed ; feveral different 
engines ufed in the mechanic arts; 


various kinds of mills, pumps and foun- 


tains are the refult of this theory, judi- 


cioully applied 


ANp what is thus demonftrated of 
the bottom of the veffel, is equally true 
at every other depth whatfoever. Let 
tis then reduce this into a theorem. The 
velocity with which water fpouts out at 
an hole in tke bottom or fide of any vefel 
whatfoever, is in proportion to the fquare 
yoot of thé height of the water in the 
veffel: that is, in other words, If the 
water in one veffel be nine times higher 
than in another, it will {pout with three 
times as much velocity; if the veflel be 
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four times as high as the water, it will 
{pout with twice the velocity. We need 
fcarce obferve that the quantity of water 
{pouted, is always equal to the velocity 
with which it fpouts; fo that a veffel 
nine times as high as another, will {pout 
through a fimilar hole three times as 
much water, in the fame fpace of time, 
or a veflel four times higher, will {pout 


twice as much water, As an experi- - 


mental proof of this, we may take two 
veflels, qne five inches high, the other 
_four times that height, and make a cir- 
cular orifice in the bottom of each, of 
the fixth part of an inch diameter, and 


being both filled with water let them be . 


fet a running, and let the water be fup- 
plied above as faft as it runs out below; 
the taller veffel will difcharge about 
two pounds of water avoirdupoife, in 
the fpace of a quarter of a minute; the 
veflel four times as fhort, will difcharge 
juft half that quantity. 


_ As the preffure the bottom fuftains, 
is fuftained alfo by the fides of a 
vetlel 
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veffel in proportion to their height, 
water will flow from the fide of a veffel 
with the fame force that it does down- 
ward; forit is found to flow out of both 
with the fame velocity, provided they 
arc at equal depths below the furface; 
and therefore the velocity of water flow- 
ing out at an orifice in the fide of a 
veflel, is in the fame proportion as 
before, that is, as the fquare root of 
the height of the water above the orifice, 
which a repetition of the former exe 
periment may prove, by ufing veffels 
with orifices at the fidcs. 


Now as we are thus informed of 
the velocity with which water flows 
through an hole in the fide of a veflel, 
it may be requifite to know to what 
diftance it will thus fpout fideways. 
To know this, let us fuppofe the water 
{pouting from the fide of a veflel, to 
move uniformly forward, with the ve- 
locity it has received, which is as the 
{quare root of the height of the veffel ; 
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now this velocity would drive it uni- 
formly forward, through a fpace equal 
to twice the height of the veffel; for we 
fhewed formerly, that a body having 
acquired a certain velocity by falling, 
would, if it: moved uniformly forward 
with that velocity, go through double 
the fpace from whence it fell; and this 
ts the cafe with the fpout of water, which 
#f nothing prevented would always {pout 
forward to double the diftance of the 
heicht it flands in the veffel. 


But now we know that gravity aéts 
upon it, and draws it downward, fo that 
the {pout is imprefled by two forces 
that influence it, one forward, the other 
downward; thefe motions by no means 
deftroy each other, the {pout obeys both, 
and like all projected bodies it moves in 
the curve of a parabola. Let us then 
fuppofe the water is let flow through an 
hole in the veffel B, at its top b; as it has 
no height of water there above it, it will 
not fpout at all, but drivel down the 

fide 
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fide of the veffel: let us, on the contrary, 
fuppofe it to be let low through an hole ~ 
e, juft near the bottom on the ground ; 
now ftrictly fpeaking, it will not fpout 
there ncither, for as the {pout is always 
defcending by its gravity, it will meet 
the ground the moment it leaves the 
orifice, and thus ‘have no fpout at all. 
Thus at b, the water had no fpout for 
want of height to drive it; at c, the 
water hath no {pout for want of room to 
defcend; it will therefore have the 
greateft fpout at the greateft diftance 
from thefe two deftroying extremes, and 
at a, it will go forward, as we faid 
before, to twice as far as the water 
is high above it; and at all other heights 
or depths of the veffcl the water will 
fpout in a fimilar proportion, and. from 
all holes equally diftant above and below 
the middle, the jets of water will be made 
to fimilar horizontal diftances. I would 
only obferve here, that the ufual method 
by which fome determine the diftance 
to which water will fpout by a femi- 
circle, &c. is erroneous, 
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THUs we may univerfally conclude, 
that water fpouts to double the diftance 
of its height, provided it is raifed above 
the level of the ground fo as to take its 
full range. But though this is true in 
theory, yet we find in practice that there 
are great deviations from all the rules 
preceding; for we muft now obferve, 
that the water does not {pout in a com- 
pact parallel {tream from an hole in the 
vellel’s fide ; for Newton has juftly obferv- 
ed, that the aamncie: of the {pout is largeft 
immediately ifluing from the hole, that 
then it contraéts its diameter as it pro- 
ceeds a little way, and laftly, it fcatters 
about in all directions; fo that we may 
compare the {pout to a cone, the bafe of 
which is at the mouth of the hole, and 
the point at fome diftance from it. It is 
not the diameter of the hole therefore 
that fhould be meafured, to know the 
quantity of water that pours out in a 
certain time, but the diameter of this 
point or vein, at a little diftance from 
the hole; and the admeafurement of this 
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Bernoutli has atually attempted, but 
with what fuccefs I will not pretend to 
determine; it may only be obferved, 
that the caufe of this convergence in the 
{pout is ftill in difpute among the. 
learned: the argument, from its intri- 
cacy, it is probable, will not be eafily 
-adjufted; however, let us not enlarge 
upon fo minute an enquiry, when there 
are fo many greater to engage our 
attention. 


To remedy this fcattering of the fluid 
as it iffues from the hole, we all know 
of the contrivance of the foffet or 
_ ajutage, which is only a pipe ftuck into 
the hole, that ferves to give the fluida 
proper direGtion; this, while it anfwers 
the end propofed, at the fame time 
diminifhes both the velocity of the 
{pouting fluid, and the diftance to which 
it would go. The length of the ajutage 
may be confidered as a column of water 
of an equal height, refifling the force 
of the fluid that fpouts through it; fo 
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that if the ajutage be as long as the 
{pouting water is high, the two oppofite 
forces will thus deftroy each other, and 
there will be no fpout to any diitance 
whatever. | 


THUus far as to water fpouting hori- 
zontally, or as we ufually fay fideways 
from a veficl; now as to its fpouting 
directly upward, water will fpout up- 
ward with fuch a velocity as will carry 
.it to the fame height with the water in 
the veffel trom whence it fpouts, becaufe 
the velocity it has at the bottom, is equal 
to the velocity it would acquire in 
falling down from the top of the water ; 
and this velocity has force enough to 
carry it an equal fpace upward, as we 
formerly explained. ‘The water there- 
fore will {pout in all fountains to nearly 
an equal height with the water in the 
veflels from whence it flows; I fay 
nearly, becaufe, as we know, theair will 
give it fome refiftance, and muft leffen 
the force of all jets whatfoever, and 
ee i in 
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make them fall fhort of the height of 
the water in the refervoirs. But there is 
another caufe that diminifhes the height 
of the water’s play; for when the water 
at the top of the fpout has loft all its 
motion, it refts for fome time on the 
part below, and by its weight obftrudts 
the motion of a new column ifluing 
from below, and thus prevents it from 
rifing, The refiftance arifing from this 
caufe is fo great, that the jet is frequently 
deftroyed by it; the rifing water being 
by fits and ftarts preffed down to the 
wery orifice from which it fpouts. Be 
this inconvenicnce is remedied if w. 
give the jet a little inclination, for then 
the uppermoft parts, when they have 
loft all their motion upward, do not fall 
back as before, but are made to fall off 
from the reft, and thus do not incumber 
the rifing fluid. From hence therefore 
we may underftand the reafon, why fuch 
jets as are a little inclined, rife higher 
than thofe, whofe afcents are perpen- 
dicular. | | 
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Ir is the difference in the figure of 
the ajutage, that gives a diverfity of 
play to the fountain, and nothing can 
be more pleafing to the eye than the 
different manner in which water is made 
to fpirt in thefe machines. But they give 
additional pleafure in fultry climates, 
fuch as I¢aly, where they contribute to 
cool the air as well as to enliven the 
profpect: with us they are chicfly made 
for the purpofes of embellifhment alone, 
for in our northern climate, the air is 
feldom difagreeable from too much 
warmth, and if there were fountains of 
fire, they would often make the moft 
grateful ornament. I only mean this 
as an hint, concerning the unneceflary 
expence which many are at to procure 


fountains, in a country where the cli- 


mate calls for different modes of embel- 
Jifhment, Our groves and our fields are 
greener than in any other region in the 
world; to improve the beauty of thefe, 
our artifts fhould bend their chief efforts, 


and in this they will find nature con- | 


{piring with their induftry. 
2 WE 
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We have hitherto fpoke only of the 
- flowing of water from veflels and refer- 
voirs that are open; we muft now ob- 
ferve, that from veffels clofely fhut it 
will not fpout at all. We all very well 
know that the liquor will not run from 


a clofe cafk, unlefs the air is let in from — 


above; for this purpofe, when a hogf- 
head of liquor is broached, there is 
always a vent hole made at top, which 
is occafionally opened when we want 
to draw liquor through the foffet or 
ajutage below. The caufe why a fluid 
will notrun from a clofe cafk without the 
admiffion of air, fhall be explained more 
Jargely when the properties of air come to 
be examined. Let it fuffice to obferve here, 
that the air preffes with great force upon 
that part of the furface of every fluid to 
which it has admiffion. If an hole is 
opened in the fide of a cafk that is quite 
full of liquor, the air prefles- upon that 
hole with great violence, and prevents 
the liquor from coming out; if now 
another hole be opened at the top of 
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the cafk, the air will prefs into this alfo 
with equal force, and prefs the liquor 
out: thefe two forces balance each other, 
fo that the weight of the fluid, if I may 
fo fay, turns the f{ealc, and it flows out. 
In general however, as our cafks are 
rot filled quite full, there isa little air 
Jeit at the top of the veffel ; immediately 
tlereiure, when the fide of the cafk is 
pierced, this air preffles down, and there 
is a {pirt of the liquor, but as the liquor 
continues to flow it leavcs more room, 
at the top of the cafk; and the air not 
being capable of filling this room as 
before, prcffes with lefs force down, 
than the external air preffes at the mouth 
of the orifice up; fo that the fluid will 
no longer continue to flow, until more 
air is let in by a vent-hole at top, to 
balance that which preffes againft the 
egrels of the liquor at the hole below, 


From hence we fee the neceffity of 
having a vent hole, or fome contrivance 
of this kind, in all cafks that have liquors 

upon 
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upon draught; and from hence alfo we 
may deduce a reafon why liquors, that 
have been long upon draught, grow 
' vapid or four; for the fpirits being light- 
eft always float and mix with the air 
at the top of the cafk, and every time 
the vent-hole is opened, we may per- 
ceive them fly out with fome violence. 
Thus by frequently opening the vent- 
hole almoft all the {pirit evaporates away 
at laft, and leaves the liquor either vapid 
or four. If this be true, might not 
a contrivance be made that would give 
a fufficient preflure to the upper furface 
of the fluid, without permitting the 
{pirit to evaporate? What if a {mall tube 
were contrived, with a valve, which 
being inferted at the top of the cafk, we 
might force in as much air as we thought 
proper into the cafk above, while at the 
fame time none of the air or fpirit in 
the cafk, would be permitted to come 
back through it or efcape; this would 
at once give a fufficient force to make 
the liquor flow, and would alfo confine 
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the {pirit from evaporation. Whether this 


method has been already practifed I 
know not; it is here only offered as a 
conjecture, Valeat quantum valere pote/t, 


As to the defcription of feveral hy- 
draulic machines, fuch as the pump, 
the fyphon, the fire engine, and the 
intermitting fountain, we fhall referve 
thefe till we treat of air, which contri+ 
butes fo much to their operations. 
Among the number of hydraulic mas 
chines we muft not omit to mention the 
{crew of Archimedes, which raifes water 
to {mall heights, and is at once the moft 
fimple and admirable of all the hy-~ 
draulic machines. It confifts of a long 
round beam or cylinder, (fig. 42.) with 
an hollow pipe coiled round it like a 
cork{crew, and open at each end. This 


machine is fixed flanting with one end. 


in the water, and the other fupported 
in fuch a manner upon a prop, that turns 
by means of an handle, as we fometimes 
fee a {pit turned in the country. As foon 
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as the lower end of the {crew gives a 
turn in the water, the fluid runs into 
the open mouth of the tube at A, and 
as the mouth of the tube rifes, the water 
which it has fcooped up, finks by its 
weight to that part of the tube on the 
oppofite fide of the cylinder, fo that now 
the mouth of the tube is higheft, and 
the water in it is loweft, and cannot get 
out. Inthe mean time, as the mouth 


of the tube is ftill in the water, while it. 


is defcending, the water it had {cooped 
in before cannot get back again, becaufe 


it has not force to overcome the refift- 


ance of the reft of the external fluid, 
which preffes againft it as forcefully as its 
contents prefs out ; when it comes there- 
fore a fecond time to the bottom, and 
again begins to rife, it will take a new 
{coop of water, and the water it already 
contained being in its defcending ftate, 
will fink into the lower part of the {pirak 
that is next to it, fo that it is prevented 
from returning by the preflure behind, 
and fill falls, if I may fo fay, forward 


by 
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by its own gravity, till it flows out at 
the top of the ftrew D. 


Tue human frame as well as that 
of all other animals, is ufually repre- 
fented as a moft compound hydrauli¢ 
machine, with an infinite number of 
tubes, conveying their refpective fluids 
from one part of the body to the other. 
In this fyftem of veflels philofophers 
have fuppofed the various kinds indued 
with various powers; they have fancied 
fome acting as pumps, others as capillary 
tubes, nor has there been wanting fuch 
as have made mention of the glandulat 
fcrew. The moft diftant refemblance 
between the veffels of the human body 
and thefe artificial machines, have given 
men, whofe imaginations were ftrong, 
frequent opportunities of completing the 
picture. This, in common converfation, 
is called ingenious error; yet furely 
falfe philofophy can have no ingenuity 
whatfoever: for what is it that can make 
its rigid inftitutions pleafing, but that 


we 
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we {uppofe them true. . Philofophy, that 
attempts to rectify the mind, is its 
phyfic, not its food; and it is but a 
{mall honour to that phyfician of whom 
it is faid, that his pills are tweet but 
inefficacious, 


In this manner attempts have been 
made to determine the velocity with 
which the blood circulates through the 
body. Some of thefe fpeculators have 
not even taken into confideration the 
flexibility of the canal, through which the 
animal fluids move, but have given us | 
hydraulic theories, drawn from the 
{pouting of fluids through glafs pipes. 
Nothing can be more erroneous than this, 
but if it were only a fpeculative error it 
would be fcarce worth combating ; no- 
thing can be more dangerous too; and 
in faa, very dreadful praétice has been 
recommended, in confequence of thefe 
yl] guided calculations. But though we 


fhould fuppofe that even the whole 


theory of fluids fpouting through flexi- 
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ble and elaftic tubes were known, (and 
it is not till of Jate that an ingenious _ 


modern has attempted the inveftigation) 
yet we fhould be {till as far from under- 
ftanding the velocity of the circulating 
fluids of the human body as before. To 
treat this with any precifion, we muft 
firft know exactly to what degree a vein 
or an artery is capable of dilating, we 
muft know the figure of the veffels, their 
elafticity, their different openings. into 
each other, the force and the difpofition 
of their valves, the degree of heat and 
tenacity of each fluids and the force 
which drives them forward. If all thefe 
were known, where would the mathe- 
matician be found, that could unite fuch 
various elements into one calculation? 
Even to determine the force of fluids in 
flexible tubes, alone, almoft exceeds 
geometrical ftrength; what then muft 
be the cafe in fuch a complication of 
component parts? Modern phyfic has 
With great juftice exploded thofe idle 
and dangerous algebraic dreams, con- 


"ceived 
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ceived in an age when geometry walked 
from her circle to condu& mankind 
to error, and was feen daily applying 
her compafs to the incommenturable 
parts of nature, 


END OF THE FIRST VOLUME. 
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